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PREFACE

Environmental stresses manifesting themselves in man at the psycho-
physiological interface commonly involve problems of interest to the
physiologist, psychologist, and environmental medical specialist alike, while
guidelinesto the solution of these problems are sought by the designers and
operators of any vehicle in which the stress might be a feature. One such

stress is that of confinement within a limited space.

Because of the engineering constraints imposed on weight and volume
of spacecraft,and in particular on the free internal volume, it has become
necessary to determine to what extent man can continue to function usefully
within a very limited space. In this paper the nature of confinement stress

is defined and an examination made of its psychophysiological effect on man.

However, while this paper is in part a critical review of the literature
it is also an analysis of data from many sources which culminates in a
definition of threshold tolerance curves, and recommendations concerning

acceptable free volume requirements for varying durations of confinement.

In a departure from normal procedure, an annotated bibliography is
appended instead of the usual reference list. Those few references where
an abstract is not provided contain subject matter of no direct interest to
the problems of confinement, and are included merely because of some

pertinent comment found therein.

My thanks are due to Drs. A. H. Schwichtenberg, E. M. Roth, and
D. E. Busby of the Department of Aerospace Medicine and Bioastronautics
for their review and comments on this document, to Dr. C. W. Sargent
and the staff of the Document Library for their assistance in obtaining the
references quoted herein, and to my secretary Mrs. J. Whalon for her

willing efforts.

TMFE
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SUMMARY

After an initial introduction, the nature of confinement is discussed in
relation to isolation and sensory deprivation. The operational and experi-
mental experience of confinement is then tabulated in terms of conditions,
subjects, available volume, and significant findings. The response of man
to confinement is examined with respect to the psychological and the physio-
logical effects. Excluding as much as possible the elements of sensory depri-
vation and isolation the psychological response is shown to be manifested in
the form of subjective emotional reactions, discomfort and rarely, perceptual
aberration. Performance decrement is relatively slight. The physiological
response is seen to be one of non-specific reaction to stress accompanied by
specific changes (e.g., cardiovascular deconditioning) attributable to the
reduced mobility. There is a suggestion that some adaptation takes place
with continued confinement, but that the adaptation breaks down after a total
of about 60 days. Tolerance to confinement is discussed and tolerance curves
are presented indicating a threshold of acceptable tolerance, a threshold of
unacceptable tolerance, and an intermediate zone. The curves indicate that,
for duration of 30 to 60 days confinement, about 150 cubic feet of free volume
per man are necessary. Studies are needed to determine the requirements
for more prolonged durations. Tolerance is modified by habitability, work,
rest, recreation, and exercise schedules. The effects of Weightlessness
and the space environment on confinement durations of more than a few days
are not known. Weightlessness may improve the restrictive aspects and hence
improve tolerance, but at the same time aggravate, for example, the cardio-

vascular decrement. Recommendations for further studies are included.

(leciZory

ix






"But though my wing is closely bound
My heart's at liberty.
My prison walls cannot control
The flight, the freedom of the soul"

A Prisoner's Song. Jeanne Guyon, 1648-1717

THE EFFECTS OF CONFINEMENT AS A FACTOR
IN MANNED SPACE FLIGHT

In the year 1756, at a time when Britain was extending dominance
over India, the Nawab of Bengal, Suraj-ud-Dowlah, captured from the
British the fortified city of Fort William. Although most of the European
inhabitants escaped, some 146 men, women, and children, were confined
by the troops of the Nawab in a guardroom measuring 18 ft. x 14 ft. 10 in.
and ventilated by two small windows. The approximate maximum area
per person was a little under two square feet. In the tropical heat and
humidity, without food and water, and no doubt distressed by fear, only
23 survived after less than 24 hours confinement. The infamous Black
Hole of Calcutta,as it became known, has gone down into history as a

supreme example of the effects of confinement on man.

History, of course, is replete with tales of confinement, from the
dungeons of medieval times and before, to the slave ships of the eighteen -
hundreds, or the political prison camp boxcars of more recent years.
Even in recent times, however, some of the State and Federal jails have
provided prime examples of studies in prolonged confinement. Bruce
(1963) describes the standard cell in Alcatraz, 5 ft. x 8 ft., with a
barred front, concrete rear wall, and steel side walls, and notes that it
contained a folding steel cot, a toilet without a seat or lid, and two steel
folding shelves for use as seat and desk. In this, with work periods and
""recreations,'' an occupant might spend most of a life time. In addition,

~for many years the element of social isolation was compounded by per -
mitting conversation only during a three minute break each morning and

afternoon. If conditions in the standard cell were severe, those in the



punishment cells or '""deep hole'' were more so. Without light or special

ventilation, without facilities of any kind other than a hole in the floor

for toilet purposes, On a gruel diet, prisoners were maintained in the

""hole' for 19 consecutive days before being removed for one day and

then returned to complete their particular sentence. One prisoner had

the dubious honor of serving 165 days in this manner. Warden Johnson

in his memoirs stated, '"....we had to chain the men to keep them from

breaking out and running amuck, ' while Bryan Conway, himself a prisoner,

related later, '"Men go slowly insane under the exquisite torture of routine."
Routine, however, along with perceptual and social isolation are only

incidental to and not necessarily integral parts of confinement. What then

is the nature of confinement?



THE NATURE OF CONFINEMENT

Some confusion still exists in the literature on the meaning, significance,
and interrelationships of the different concepts associated with confinement.
These include concepts of restraint, environmental limitations, sensory depri-
vation, solitude, perceptual isolation, social isolation, and other extremes,
each or all of which may be combined to a greater or less degree to produce
a stressful situation.

84( 15(

1963) consider

that confinement refers to restraint or restriction of freedom of movement

Sells and Berry 1958), echoed by Chamber and Fried
or action, by command, fear, physical enclosure, or encapsulation. They
point out, however, that aloneness (solitude) and separation may be additional
aggravating factors in a confinement situation. Confinement, however, does
not necessarily imply isolation, although, as Ormiston 78(1961) notes, it may
include some limitation of sensory inputs. Most authors, e.g., Sells and
84(1958), Wheaton98(1959), Walters and Henninggz(1961),_Ormiston'78
(1961), and Chambers and Fried15(1963), agree that the essential nature of

Berry

isolation lies in the separation of an individual from his normal social and
physical environment. Again, however, isolation does not necessarily imply
either confinement or sensory deprivation although it could have elements of
both. Walters and Henning92(196l) point out with considerable justification
that the effects of sensory deprivation and social isolation have been inextri-
cably confounded. In point of fact, however, there is no such entity as
sensory deprivation in the conscious individual. What is loosely known as
sensory deprivation is in reality a reduction in the totality of stimulation in
the environment, which may arise from a reduced sensory input, or a dis-

torted sensory input.

Thus, fundamentally there are two basic and interrelated concepts,

confinement and isolation. These may be further subdivided as shown below:



Confinement Isolation

a) Physical a) Perceptual
i) Restrictive i) Sensory reduction
i1) Determinative ii) Sensory distortion
b) Temporal b) Social
i) Restrictive i) Solitude
ii) Determinative A. Single
B. Group
i1) Rejection
A. Single
B. Group

Confinement then may be physical, temporal, or both. Physical
confinement may be restrictive, in that the subject is restrained by belts,
harnesses, pressure suit, couch, encapsulation, etc., or it may be
determinative, in that he is free to move within the confines of a cabin,
space station, lunar or planetary refuge. This classification of course
would also apply to those confined by order, fear, hostile terrestrial
environment, etc.. Temporal confinement may be restrictive or determina-
tive;restrictive, if the subject is confined by curfew or by the rigidity of a
work schedule; determinative, if the duration of his confinement is determined
by some independent variable such as the duration of a mission or scientific

experiment.

Isolation, which may occur concomitant with confinement, may be
perceptual, social, or both. Perceptual isolation, which involves essentially
disturbances of perception, may arise from sensory reduction such as has

been demonstrated in the McGill experiments (Bexton, et al. 6(1954»), Heron,

52 51
(

et al. 7 (1956), Heron 1957) ) and in naturally occurring situations such as the

"break-off phenomenon' (Clark and Grayb16118(1957) ) or the peculiar Arctic
39

disorder of ""kayak-angst'' described by Gussow ™ "(1963). Perceptual isolation

may also be associated with sensory distortion,as in studies such as those of

102 .
Zubek (1963) where subjects are exposed to non-patterned sensory stimulation.

Social isolation on the other hand involves the concepts of aloneness and



OPERATIONAL AND EXPERIMENTAL EXPERIENCE
OF CONFINEMENT

As was noted in the introduction, history is rich in the tales of confine-
ment, voluntary, and, more commonly, involuntary. Anecdotal reports,
however, while descriptive for background purposes, are highly subjective
and very unrewarding as factual sources. Consequently, it is necessary to
turn to regulated and preferably controlled experimental studies, and detailed
operational experience,to obtain necessary data. Although there are numerous
ways of presenting the material it is convenient to group the various studies
under the following headings:

a) Simulator studies
i) Single man
i1) Multi-man
b) Confined chamber studies
i) Single man
i1} Multi-man
c) Cockpit studies
d) Vehicle studies
e) Submarine studies
f) Spacecraft studies
g) Other: Bed, respirator, immersion, etc.

The available data,including some derived from the review of Jones and

60(

Prince 1964),are presented in Table 1. Most of the columns are self

explanatory. The total free volume refers to the available volume within the
experimental device or vehicle, and in some cases represents a calculation
from inadequate data. For some instances, the free area is quoted in addition.
The summarized findings represent the highlights of a quoted study as they

have application to the problems of confinement and habitability.

In addition to the operational and experimental experience quoted in
Table 1, numerous confinement studies have been carried out with a primary

view to determine the effects of sensory reduction. These have been very



separation from a normal environment. Thus it may encompass solitude
in the presence of full normal sensory stimulation, either for the individual
or the small group, or it may involve rejection of the individual by the group,

or a small group by a larger group.

Rarely, if ever, do confinement and isolation exist as single entities.
Isolation commonly accompanies confinement. Social isolation is a factor
in perceptual isolation, just as solitude is a factor in determining the effects
of sensory reduction. These in turn seem to be determined by a state of
arousal of the individual which normally remains at a level of awareness
commensurate with the demands of the environment. Thus the nature of the
perceived environment serves to determine the interrelationship of the various

factors involved.

Confinement then is but one factor, albeit a major one, in the environment
under consideration, and as Walters and Henning 92(1961) remark: "It would be
hazardous to attempt, at our present state of knowledge, a theoretic integration
that would serve equally well to explain current findings concerning sensory
deprivation, the various conditions that have been labelled social isolation, and
reactions to living in a small group.'! What to one investigator may be considered
as a physiological response to stress may be dismissed as anxiety by another.
The findings determined on the basis of neurophysiologic investigations can be
in conflict with those based on psychoanalytic study, learning theory, or
descriptive observation; and, in fact, many investigators have manipulated the

environment without simulating any real life situation.

What then is confinement? For the purposes of this study it may be
defined as a physical and temporal limitation on the activities and translational
motions of an individual or group, occasioned by enclosure within a restricting
barrier, and sometimes associated with elements of perceptual and social

isolation.



l03(1964) who notes three common

thoroughly reviewed by Zuckerman
methods of obtaining sensory reduction, all of which have in addition
elements of perceptual and social isolation as well as confinement. The
methods employed are largely suspension in water, confinement within a
poliomyelitis respirator, and confinement in a sound-reduced room.
Usually the techniques also include darkness or unpatterned light, minimal
intercommunication, steady white noise or noise masking, or sometimes
clothing designed to reduce tactile stimulation.

Dr. Milton Grodsky (personal communication) draws attention to the
importance of methodological considerations in confinement studies, as
in others, since the methodology to a large extent determines the reli-
ability and validity of the data obtained. In analysis of confinement data
in particular, methodological considerations assume importance, since
in most studies from which information can be derived, the experiment
or operational trial was not primarily conducted to determine the effects
of confinement, although confinement might well have been the most
significant environmental factor. In fact, studies conducted solely to
investigate the effects of confinement are so rare that little definitive
information can be obtained from them.

Thus, it must be remembered that the ctudies outlined in Table I,
subsequently discussed, and utilized to develop tolerance curves and
recommended optima and minima, are not necessarily comparable,
except that all of them show some aspects of confinement. They utilize
differing physical plants, differing environmental variables, differing
numbers of subjects, subject selection systems, and types of subjects,
and differing criteria of performance and physiological impairment. At
the same time, with suitable classification and interpretation, the confine-
ment variable can be isolated at least to some extent, and, of course,
without an examination of confinement experience as it exists, very little

data would be available.



TABLE I

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

illumination; noise mask-
ing; minimum intercom;
OPN-360.

skin resistance, decreased
heart and respiration rate);
Diurnal variation in perform-
ance and physiological status.

Type of Study Operational Conditions No, of |No. of |Total free]|Volume or | Duration Findings Reference
subjects | Experi- |volume or [area per
pPer run ments area man
Simulator SAM one-man chamber, 1 7 47 cu.ft. {47 cu. ft. 7 days No physiological adaptation. Steinkamp, et al.,1959.
Single O,/N, 380 mm Hg total Loss of work proficiency in Hawkins & Hauty, 1959.
pressure; controlled heat non-pilot subjects, with marked Gerathewohl, 1959.
and ventilation; unrestrain- perceptual aberrations. Loss | Hauty, 1960.
ed, minimal movement; of physical conditioning.
partial pressure suit; 4:4
work rest schedule.
SAM one-man chamber. 1 4 47 cu. ft. {47 cu. ft. 1} days | Emotional disturbance. Flaherty, et al., 1960
Noise masking. Constant Perceptual aberrations.
internal illumination.
Vostok simulator. Ambient 1 ? 30 cu.ft. |90 cu. ft. ? 1 day | No apparent disturbance in Volynkin & Yuzdorsky, 1962.
pressure; 20 temperature; motivated subjects.
30 - 70% humidity; Pressurd
suit.
Simulator Lockheed-Georgia crew 5 1 1100 cu. 4250 cu. ft. 15 days | Significant decrement in per- |Adams & Chiles, 1961.
Multi system mock-up; work . formance and psychological
area, sleeping area, tests; decreased autonomic
leisure area; adequate 6 1 183 cu. ft. activation (i.e., increased

Continued on nex




TABLE I {Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of Study Operational Conditions No, of |No. of |Total free|Volume or | Duration Findings Reference
subjects | Experi- ivolume or |area per
per run |ments area man
Simulator Lockheed-Georgia;HOPE - 6 1 1100 cu. it.[187 cu. ft. 15 days | Declining performance. Alluisi, et al., 1963,
Multi (Cont}| II; ! crew, 4:2 schedule; Irritability, sleepiness, fatigue
instructed to minimize Minor physical discomfort.
diurnal effects. Variations in performance
related to motivation, diurnal
cycling, duration of task.
Lockheed-Georgia; HOPE- 10 1 1100 cu. t.[110 cu. ft. 30 days | Essentially no performance Alluisi, et al., 1963,
11, 2 crews, 4:4 schedule. decrement except diurnal.
Declining psychophysiological
""activation''. Some irritability
and fatigue.
Lockheed-Georgia; HOPE- 10 1 1100 cu. ft.{110 cu. ft. 12 days | Similar to above; sleep loss Alluisi, et al., 1964.
1V, HOPE-V; 4:4 schedule resulted in additional perform-
with one 44 hour continuous ance decrements. Impact of
work period. sleep loss on tasks depends on
position of tasks in the activity-|
passivity continuum.
Lockheed-Georgia; HOPE- 6 1 1100 cu. {t.|187 cu. ft. 12 days

VI, HOPE-VII; 4:2 schedule
with one 40 hour continuous
work period.

Continued on next

bage.
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TABLE I (Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of Study Operational Conditions No, of |No. of |Total free |Volume or | Duration ] Findings Reference
subjects | Experi- |volume or [area per
per run |ments |area man
Simulator North American Aviation; 2 1 1600 cu. ft.1800 cu. {t. 4 days No impairment Celentano, et al., 1963.
Multi (Cont)]| disc-like mock-up. (200 sq. ft.)
SAM 2-man chamber; 2 1 212 cu. ft.{106 cu. ft. 14 days Subject variation. Some irri- | Gerathewohl, 1959.
simulated space missions, 2 2 212 cu. ft.[106 cu. ft. 30 days | tability, resentment; mild McKenzie, et al., 1961.
work scheduled on 22 hour 2 1 212 cu. ft.|106 cu. ft. 17 days | illusions; performance generald Morgan, et al., 1961.
day with 6 - 7 hours sleep; ly maintained; loss of appetite, { Welch, et al., 1961.
experiments conducted at insomnia; loss of weight and Flinn, et al., 1961.
18, 000 ft. equivalent; 40% fluid; some CVS deconditioning;| Hauty, 1964.
0,. 60% N, and also at increase in reaction time in Cramer & Flinn, 1963.
33,500 ft. EOD% 02. 17 day flight. Hartman & Flinn, 1964,
Republic; Converted altitudd [ 4 1268 cu. ftf211 cu. ft. 14 days | No deterioration of general Helvey, etal., 1962.
chamber, 30 ft. long by 13 mental, sensory, or motor per
ft. diameter; 100%0., envir - formance. Aerotitis, substern
onment at 3.8, 5.0, %.4 psi} al discomfort, coughing and
air environment at 14.7 psi) eye irritation, probably attribu
table to OZ'

General Electric; 2 compart 4 1 860 cu. ft.{215 cu. ft. 30 days } Little decrement in psychol. General Electric, 1964.
ment simulator; cylindrical Approx. testing and task performance.

vertical shell, two 8 foot

sections; 7 psi 50/50 O,/N.;
Adequate light, temperature
ventilation, humidity.

Loss of "group cohesiveness''.
Minor medical problems.

Continued on next p3

ge.
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TABLE I (Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of'Study Operational Conditions No, of |No. of |Total free|Volume or j Duration Findings Reference
- subjects | Experi- [volume or |area per
per run | ments area man
Simulator Russian simulated mission; 1 ? ? ? 10-120 Initial psychophysiological Lebedinskiiy, et al., 1964.
Multi (Cont) |with and without pressure days |adaptation over 10 - 15 days
suit; controlled variation in followed by establishment of
ionizing radiation, tempera- new level with normalizing
ture, noise, COZ’ CO and of e.g., sleep, motor reaction,
contaminants. light sensitivity, performance
error. Development of
“asthenization''.
Martin Baltimore Lunar 3 2 400 cu. ft. | 133 cu. ft. | 75 hours |Pilot studies Grodsky & Bryant, 1962,
Mission simulation with lunar . . Mallick & Ream, 1963.
bug"; flight deck, sleeping 3 1 400 cu. ft. | 133 cu. ft. 7 days ;\Io_xmp.axred p'eriormance. no Hatch, et al., 1964
A atigue; no evidence of adapta-
area, off duty area, mainten-| L= . N .
tion; no alteration in time
ance area, galley; 26 hour . L . . .
A . . estimation; no major physiologi
duty cycle on major flight with . R
. cal change other than diurnal;
two 4 hour sleep periods; g
re-flight and inflight physi- no loss of CVS conditioning;
Eal congditionin ght phy slight loss of weight, some loss
& of creativity; mild irritability.
Douglas orbiting vehicle 4 1 1000 cu. ft.| 250 cu. ft. | 30 days |No decrement in performance; [Havens, D.E., 1965.
simulator; 50/50 O,/N,; no significant physiological
partially closed environment changes;
al system.
NASA Ames conical capsule; 2 1 123 cu. ft. | 61.5 cu. ft 7 days Decrements in performance Rathert, et al., 1964.

no attempt to provide closed

ecological system, atmos-
pheric, or environmental

condition; lunar mission simpulation.

related to task complexity. Alsq Patton, R. M., 1962.

improvements in some perform
ance. Physiological deteriora

tion similar to one we&k’s bed
rest including loss of Ca.

Continued on next page.
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TABLE I (Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of Study Operational Conditions No, of No. of |Total free |Volume or } Duration ' Findings Reference
subjects [Experi- |volume or |area per
per run |ments area man
Simulator Navy ACEL converted pres- [ 1 450 cu. ft.[ 75 cu. ft. 7 days Discomfort, complaint of odor, | Hendler & Mancinelli, 1958.
Multi (Cont)| sure chamber; work compar food monotony, humidity. Gell, 1958
ment, leisure compartment; No deterioration of intellectual j Hanna & Gaito, 1960.
10, 000 ft. equivalent, O function. Performance vari- Hanna, 1962.
55%, N2 45%; average temp ability, perhaps from boredom
erature. 65 - 75 F; rela- and diurnal cycling. Decrease
tive humidity 70%. in physiological "activation"
except in emergency. Weight
loss.
Navy ACEL; closed-loop 6 1 450 cu. ft.| 75 cu. ft. 8 days Performance of routine tasks Burns, 1959.
solid chemical rebreathing deteriorated rapidly; time Burns & Gifford, 1961.
system. estimation disturbed; tasks Tiller & Figur, 1959.
involving reasoning appear to
depend on '"consensual vali-
dation!'; alterations in catechol
amine excretion.
North American Aviation; 3 1 200 cu. ft.| 67 cu. ft. 7 days Reduced metabolic rate; Celentano, et al,, 1962,
conical shaped mock-up; (13 sq.ft.) weight and fluid loss; reduced
simulated space mission; physical activation; fatigue,
ventilation by mesh screen sleepiness.
wall; work space and sleep-
ing space; work schedules
2:2 with 6 hours sleep.
North American Aviation; 4 1 1500 cu. ft375 cu. ft. 7 days Some reduction in metabolism | Celentano, et al., 1963.
cylindrical mock-up; (37 sq. ft.) and physiological activity.
simulated space mission.

Toritinued on HieXt page.
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TABLE I (Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

limited floor space; air
conditioned; darkness;
intercom available, no
smoking.

inefficient thought processes,
reduced reasoning ability,
visual hallucinations.

Type of Study Operational Conditions No. of No. of |Total free |Volume or | Duration Findings Reference
subjects | Experi- [volume or |area per
per run |ments area man
Simulators WADC long range mission 5 3 700 cu. ft. } 140 cu.ft. | 5 days Initial psychological set main- | Ruff, et al., 1959.
Multi (Cont) | simulator; interior designed Approx. tained; trend towards regres-
to minimize discomfort and sive behavior; individual and
monotony; simulated SAC diurnal variations in physiologi-
mission; ambient environ- cal findings; dehydration.
ment.
Confined Navy isolation chamber; 1 -] 192 cu.ft. | 192 cu. ft. {4-24 hrs.|Alteration in response to Hanna, et al., 1963.
Chambers acoustically insulated; psychological testing related
Single darkness; intercom for primarily to personality and
test purposes; Mercury environment, and less to dura-
type couch. tion. Reduction in physiologi-
cal activation to lower level.
"Coffin-like' chamber; 1 22 28 cu. ft. 28 cu.ft. [7 days. [Impaired intellectual perfor- Zubek & Wilgosh, 1963.
ambient room environment; Approx. { Approx. mance; significant EEG change;
some degree of perceptual deteriorated physical condition.
isolation; out of chamber for
hygenic purposes.
HUMRRO light proof and 1 8 360 cu. ft. | 360 cu.ft. | 96 hrs. |[Restlessness, fearfulness, Myers, et al., 1962.
sound proof cubicle; very Approx. unpleasant thoughts, boredom;

Continued on next page.
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TABLE I (Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of Study Operational Conditions No, of |No. of |Total free|Volume or | Duration Findings Reference
subjects | Experi- [volume or |area per
per run |ments area man
Confined WADD windowless cubicle; 1 35 260 cu. ft. | 260 cu. ft. |8 hrs. Changes in response to present-[Ormiston, 1961
Chamber aircraft seat and table; ation of visual illusions; no
Single sound masked; lit. significant changes in tracking
(Cont) or monitoring; somatic com-
plaints.
WADD sound proof room; 1 100+ 450 cu. ft. | 450 cu.ft. | 3 hrs - Initial panic; reorganization; et al., 1959.
bed, refrigerator, toilet, 65 sq. ft.| 65 sq.ft. |7 days anxiety; disorganization;
experimental condition effects depend on circumstances
variable from darkness surrounding isolation, subjectivg
and silence to unpatterned personal factors, sensory
light and noise input, nature of confinement,
communication, aloneness,
duration, knowledge and
control of duration, activities.
Russian closed chamber; 1 ? ? ? 10-15 EEG changes; increased iGorbov, et al., 1964.

solitude, lack of two-way
communication; near isola-
tion from light, sound, and
other stimulation; otherwise
ambient environment; work
scheduling.

days

latency of EMG response;
decrease in ''level of prescrib-
ed (psychological) activity'",
most marked im second half of
test and associated with de-
crease in ketosteroid excre-
tion.

Continued on next [:a]fe.
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TABLE I (Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of Study Operational Conditions No, of |No. of |Total free|Volume orw Duration Findings Reference
subjects | Experi- [volume or |area per
per run | ments area man
Confined U. of Maryland program- 1 1 1368 cu. ft.| 1368 cu.ft| 152 days | Progressive behavioral decre- |Findley, et al., 1963.
Chamber med environment - 3 rooms total vol- [total vol- ment; increasing negative and
Single air conditioned, sound ume; ume; somatic complaints; increasing
(Cont) attenuated and lit as pro- 171 sq. ft.| 171 sq. ft. sleep; decreasing creative
gram demanded; all total area;/total area; activity, decreasing co-opera-
activities, including eating limited limited tion.
sleeping, etc., determined area avail{ area avail-
by following pre-arranged able at one| able at
automatic plans; minimum time. one time.
2-way communication.
Confined Lockheed Georgia; flight 8 2 1000 cu. ft.| 125 cu. ft. | 4 days Relatively mild stress; no Adams and Chiles, 1960.
Chamber station mock-up distributed Approx. performance decrement;
Multi within a laboratory; left some resentment.
mock-up for meals.
U. of Georgia simulated 10 1 650 cu. ft. | 65 cu. ft. 3 days Discomfort from sleep condi- |Georgia, U. of., 1963.
fall out shelter; pilot study 100 sq. ft. | 10 sq. ft. tions, lack of space and

1; bunk, recreational
facilities, wash water,
coffee, food ad lib; flush
toilet; age range 8 - 63;
mixed sexes; optimal
ventilation, temperature
and humidity.

exercise; loss of weight; no
changes in psychological test
results.

Continued on next page.
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TABLE I (Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of Study Operational Conditions No., of |No. of |Total free [Volume or | Duration Findings Reference
subjects [Experi- [volume or [area per
per run |ments area man
Confined U. of Georgia fall out 10 1 650 cu. ft.| 65 cu.ft. | 3 days Similar to above except greater|Georgia, U. of., 1963,
Chamber shelter; pilot study 2; 100 sq. ft{ 10 sq.ft. weight loss.
Multi reduced diet; no wash water
{Cont) coffee or cigarettes;

otherwise as above.
U. of Georgia fall out 10 1 520 cu. ft.| 52 cu. ft. 3 days Considerable discomfort from |Georgia, U. of., 1963.
shelter; pilot study 3; 80 sq. ft 8 sq. ft. sleep conditions and heat;
high temperature (81" F, manifestations of heat stress;
E.T.) high humidity, low lethargy and drowsiness;
ventilation; very reduced loss of weight.
diet (370 Kcal); chemical
toilet; no bunks, blankets,
recreation materials, wash
water, coffee, cigarettes;
age range 14 - 42 mixed
sexes.
U. of Georgia fall out 30 1 1560 cu. ft{ 52 cu.ft. { 4 days 8 occupants defected; con~ Georgia, U. of., 1963.

shelter; major study l;
temperature and humidity
optimal; 300 Kcal per per-
son; chemical toilets; no
bunks; blankets, recrea-
tional material, wash
water, coffee, cigarettes;
mixed sex; age 15-50.

sistent loss of physical fitness
loss of weight; no significant
depreciation in psychological
test results; some depression;
anxiety; considerable discom-
fort and decreased activity;
some medical complaints.

Continued on next pal

ge.
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TABLE 1 {Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of Study Operational Conditions No, of No. of |Total free |[Volume or | Duration Findings Reference
subjects | Experi- [volume or {area per
per run [ments area man
Confined U. of Georgia fall out 30 1 1560 cu. ft.] 52 cu.ft. |14 days |5 occupants defected; weight Georgia, U. of., 1963,
Chamber shelter; major study 2; 240 sq. ft.{ 8 sq. ft. loss; complaints of odors,
Multi conditions similar to study sleep conditions, temperature,
(Cont} 1 with minor variations; headache, anusea, fatigue.
age 9 - 67.
U. of Georgia fall out 30 1 1560 cu. ft.[ 52 cu. ft. 14 days |2 occupants defected; weight Georgia, U. of, 1963.
shelter; major study 3; 240 sq. ft.] 8 sq.ft. loss; complaints re sleep
similar to study 1 with conditions, odors, toilet,
minor variations in environ- temperature; headaches,
ment and facilities. nausea, colds.
U. of Georgia fall out 28 chil- 1 1170 cu. ft.| 39 cu. ft. 7 days |11 children and shelter mana- |Georgia, U. of., 1963.
shelter, major study 4; dren 180 sq. ft.| 6 sq.ft. ger defected; loss of weight;
temperature and humidity 2 adults no loss in grip strength or

optimal; food 900 Kcal; no
bunks, blankets, recreation
material, wash water;
subjects children and 2
adults.

endurance; loss in leg strength;

no significant changes in psycho

motor tests; no significant
changes in psychological tests,
discomfort for food, toilet,
sleeping, and absence of
method to tell time.

Continued on next g

ge.
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TABLE I{(Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of Study Operational Conditions No, of |No. of |Total free]Volume or | Duration | Findings Reference
subjects | Experi- |volume or |area per
per run |ments area man
Confined USNRDL shelter, arched 100 1 11700 cu.fy 117 cu.ft.| 2 weeks | No defectors; discomfiorts Strope, et al., 1960.
Chamber roof; bunks erected for 1200 sq.ff. 12 sq. ft. related to restricted water,
Multi sleeping purposes; tables space, seating, noise, diet,
{Cont) and benches for recreation boredom, etc; loss of weight,
and dining; state prisoner fatigue and listlessness; few
subjects; minimal sanitary medical complaints, notably
facilities; 2000 Kcal diet; constipation and skin disorders
no bathing or shaving.
USNRDL shelter; conditions| 100 1 11700 cu.ftf 117 cu.ft. | S days Similar findings to previous Strope, et al., 1961.
similar to previous study 1200 sq.fy 12 sq.ft. study with lower standards of
with improved physical behavior attributed to deliber-
facilities. ate passive role of commander.
Cockpit F -84 cockpit; noise mask- 1 4 130 cu. ft. [<30 cu. ft. 56 hrs. | Variable loss in alertness to Chiles, 1955.
Studies ing 115 db. monitoring and clock-testing; Dempsey, et al., 1960.
progressive decrease in GSR;
temporary hearing loss.
WADD escape capsule cont- 1 10 27.5 cu. ft| 27.5 cu. ft.] 48 hrs. No significant differences in Ormiston & Finkelstein, 1961,
aining tasks, intercom, confined performance or intellectual
windows, water and fluids, functioning; increased irrit-
relief tube. 4 groups: two ability; feeling of oppression.
confined on experimental
diets, two unconfined: work
scheduling; 8% hours
sleep each night.
Continued on neéxt p'*ge.
- S 3 — —_— 4 -
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- TABLE I (Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of Study Operational Conditions No, of No. of |Total free |Volume or | Duration j Findings Reference
subjects [Experi- [volume or |[area per
per run |ments [area man
Vehicle Armored personnel carrier 10 5 300 cu. ft. 30 cu.ft. | 4 hrs. Slight loss of equilibrium, loss [Hicks, 1960 (a)
Studies M59; continuous motion of | of gross motor coordnation;
vehicle. loss of firing accuracy; minimal
discomfort.
Armored personnel carrier 12 4 280 cu. ft. | 23.3 cu. ft.| 8 hrs. Loss in stamina, gross motor [Hicks, 1960 (b).
M113; continuous motion. coordination, equilibrium,
grenade throwing accuracy;
cramping, nausea {30%),
claustrophobia.
Armored personnel carrier 10 4 280 cu. ft. | 28 cu.ft. 12 hrs. |Significant loss of stamina, Hicks, 1961 (a)
M113; vehicle stationary; locomotor coordination,
engine off for first 5 hrs.; grenade throwing ability.
environmental conditions
severe.
Armored personnel carrier 11 4 R80 cu. ft, | 25.5 cu. ft.| 24 hrs. 23 subjects defected., Study Hicks, 1961 (b)

M113; continuous motion;
severe environmental
conditions.

incomplete.

Continued on next paj
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TABLE I{Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of Study Operational Conditions No. of |No. of |Total free|Volume or } Duration ] Findings Reference
subjects | Experi- [volume or (area per
per run {ments area man
Vehicle Armored personnel carrier 11 4 280 cu. ft.| 25.5 cu. ft] 24 hrs. Defection prevented by im- Hicks, 1962.
Studies M113; continuous motion; pressed discipline; marked
{Cont) environmental conditions impairment in stamina, motor
extreme (fumes, equipment, coordination, equilibrium,
cold, consensed water) marksmanship; decrement in
eye-hand coordination.
Submarine Submarine Nautilus, 1956; 36 1 57000 cu.ft| 1600 cu.ft} 11 days | Minor psychophysiological Weybrew, 1957.
Studies submerged and cruising; : changes increasing towards
slightly elevated COZ' end of cruise.
Submarine Seawolf 1957; 100 1 57000 cu. ft| 570 cu. ft.| 60 days Loss of ability to concentrate; | Weybrew, 1961.
submerged; good environ- rise in muscle tension;
mental condition. insomnia; increase in heart
rate.
Submarine Nautilus, 1958; 100 1 57000 cu. ftf 570 cu.ft] 96 hrs. | High morale; no apparent Kinsey, 1959.
submerged under ice-cap; problems.
good environmental condi-
tions.
Submarine Triton, 1960: 100 1 57000 cu.ft| 570 cu.ft.| 83 days | Some complaint of discomfort; | Weybrew, 1963,

submerged around world.

headaches; reduced alertness;
some decline in performance;
irritability.

Continued on next p

ge.
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IABLE I (Continued)

EXPERINENTAL AND OPERATIONAL EXPERIENCE

Lype of Study [ Opcrational Cunditions "|No. of No. of [Total free |Volwune or | Duration Frindings Reference
subjects pPExperi- [volume or [arca per
pur run pments arca man
Chair rest SAM; overstuffed chair 1 6 <25 cu. ft. [<25 cu. ft. | 4 days Cardiovascular deconditioning |Lamb, Johnson, Stevens, 1964.
tilted back; restrained measured by tilt table; increas-
except for hygiene; 8 hours ed in weight; minimal hemo-
bed rest; normal diet. concentration.
Bed rest Lankenau Hospital; 1 4 K25 cu.ft. |<25 cu.ft. |45 days |Cardiovascular deconditioning; |Birkhead, et al., 1963.
continuous bed rest, on estimated |estimated inability to maintain upright
pillow; no sitting; daily position.
activities.
SAM; bed rest studies; 1 12 K25 cu. ft. (<25 cu.ft. |4 wks. Loss of plasma and total blood |Miller, Johnson, Lamb, 1964.
continuous, no sitting; estimated [estimated volume; cardiovascular de-
normal diet. conditioning as measured by
tilt table; loss of weight.
SAM; Bed rest studies with 1 72 <25 cu. ft. [<25 cu. ft. |2 wks. Cardiovascular deconditiong; Miller, Hartman, Johnson,
and without prophylactic estimated |estimated loss of plasma volume; loss & Lamb, 1964.
measures; continuous during of weight.
experimental periods; no
sitting, 2400 Kcal diet.
Continued on next page.
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TABLE 1 (Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

Type of Study Operational Conditions No. of No. of |Total free|Volume or Duration Findings Reference
Subject | Experi-|Volume or|area per
per run | ments Area man

Spacecraft Mercury (MA-6); 1 1 47 cu. ft. 47 cu. ft. |Prelaunch: 33 hrs. | Mild dehydration; slight NASA. 1962 (a)
Adequate environmental rbit : 43 hrs. | weight loss; ''stomach
control system; severe Recovery: 1/3 hr. awareness''; minor dis-
acceleration, buffeting, comfort.
weightlessness.
Mercury(MA-7} 1 1 47 cu. ft. | 47 cu. ft. |[Prelaunch: 3 hrs. Fatigue; slight weight loss| NASA, 1962 (b)
Adequate environmental Orbit: 4% hrs. | moderate diuresis.
control system; severe Recovery: 2/3 hrs.
acceleration, buffeting,
weightlessness.
Mercury(MA-8}; 1 1 47 cu. ft. 47 cu. ft. |[Prelaunch: 2} hrs. | Orthostatic hypotension NASA, 1963
Adequate environmental Orbit: 9 hrs. post flight; lability in heart
control system; severe Recovery: 2/3 hrs.| rate; weight loss; mild
acceleration, buffeting, dehydration; engorgement
weightlessness. of leg veins; discomfort
Mercury(MA-9} ; 1 1 47 cu.ft. | 47 cu.ft. [Prelaunch: 23 hrs. | Orthostatic hypotension NASA, 1963.
Occasional excessive heat; Orbit: 34 hrs. post-flight; moderate de-
severe acceleration, tRecovery: 1/3 hr, | hydration; change in white
buffeting; weightlessness; cell distribution; bilateral
high humidity. conjunctivitis, weight loss,

discomfort.

Vostok I, 1I; Occasional 1 1 90 cu. ft. 90 cu. ft. >1 3/4 hrs. Vestibular problems on Volynkin, Yazdovskiy,
excessive heat (87° F); >25 hrs. Vostok II, fatigue; loss 1962,
severe acceleration, of weight; dehydration;
buffeting; ?rotation; change in tendon reflexes
weightlessness. post-flight; EEG changes.




£e

TABLE 1

{Continued)

EXPERIMENTAL AND OPERATIONAL EXPERIENCE

T ype of Study Operational Conditions No. of |No. of |[Total free |Volume or |[Duration Findings Reference
subjects |experi- [volume or |area per
per run |ments area man
Spacecraft Gemini III: 5 psia O 2 1 80 cu. ft. | 40 cu. ft. 4 hours Nil of significance NASA, 1966
atmosphere; acceleration| {approx) {approx) 52 min. (Gemini Mid-Program
buffeting, weightlessness; Conference Pro-
some heat discomfort ceedings, Part l &2
MSC, Houston,
Gemini IV; Same as III 2 1 80 cu. {t. 40 cu. ft. 96 hours | Heart rate tends to rise initially, Texas, 1966
with EVA for one pilot at (approx) (approx) 56 min.| stabilizes in 36-48 hours, rises again
3. 5 psia. 2-3 orbits before retrofire. B.P.
follows heart rate., Diurnal cycles
retained.
Gemini V: Same general 2 1 80 cu, ft. 40 cu. ft. |190 hours| Slcep duration reduced; sleep difficuky
conditions; some high roll (approx) (approx) 56 min. | most marked in GIV. Cramp and
rates; target vehicle for fatigue of limbs; general fatigue most
rendezvous; pilot wore marked in GIV. Some dehydration in
thigh cuffs for 4 days. «ll, most marked in GIV., Irritability
towards end of GVII. Weight loss in
G1v, V, VII, averaging 7-8 lbs.,
Gemini VI-A: Same 2 1 80 cu. ft. 40 cu. ft. 25 hours | largely replaced within 12 hours post-
general conditions; ren- (approx) (approx) 51 min, | flight. "Hecaviness' for several hours,
dezvous maneuvers. and stiffness for several days post-
flight, WBC increased (post-flight
Gemini VII; Same 2 1 80 cu. ft. 40 cu, ft. 330 hours | examination), returned to normal
general conditions; light (approx) (approx} 35 min. |within 24 hours. RBC mass decreased
weight suits, removed for 4-20%., Blood volume decreased
part of time; occasional 7-15% in GV & GVI; no decrease in
high tumble rates; in- G VII. Loss of Ca observed by bone
flight regular exercise; densitometry in GIV, V, VII, least
pilot wore thigh cuffs in G VII. Tilt table tolerance ab-
entire time. normal for 48-50 hours post-flight.
20% decrease in work tolerance in
G VIIL,




THE RESPONSE TO CONFINEMENT

In the past, 'and in particular in the early studies of confinement, much
emphasis was placed on the occurrence of perceptual disorders, bizarre
behavior, and anxiety provoking stress. Many fears were expressed about
man's ability to maintain rational and coherent control over himself and his
environment; and, indeed, some of the earlier work by the McGill group
(Heron 51 1957) and at the School of Aviation Medicine (Steinkamp et al 88 1959)
tended to confirm this, wuntil it was ralized that the perceptual aberrations and
behavior disorders were primarily associated not with the confinement per se
but with the accompanying perceptual isolation.

Nevertheless, it is advantageous to consider, at least briefly, the response

to so-called '"'sensory deprivation.' Solomon et al. 87

(1957) after reviewing
much of the relevant literature, described the response in this manner:
""Sensory deprivation has been produced experimentally by reducing the absolute
intensity of stimuli, by reducing the patterning of stimuli, and by imposing a
structuring of stimuli. Explorers have experienced it voluntarily and prisoners
have had it thrust upon them.

"While there are many separate factors operating in these various situa-
tions, it is clear that the stability of man's mental state is dependent upon
adequate perceptual contact with the outside world. Observations have shown
the following common features in cases of sensory deprivation: the intense
desire for extrinsic sensory stimuli and bodily motion, increased suggestibility,
impairment of organized thinking, oppression and depression, and in extreme
cases, hallucinations, delusions, and confusion."

These common features, however, do not occur in a completely random
fashion. Ruff and his colleagues 83 (1959), in studies which involved maintain-
ing a subject in a soundproof room containing a bed, refrigerator, and toilet,
found, after analyzing more than 100 separate exposures, that a characteristic
behavior pattern could be identified. With the onset of exposure a brief period
of anxiety arises which, in a few subjects, may proceed to actual panic. This,

however, usually subsides as the body defense mechanisms become effective.
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In the second phase, the response varies according to the psychological needs
of the subject. An obsessive compulsive individual may develop repetitive
patterns of thought or activity while the passive-aggressive may consider

the experience as a form of contest in which he must defeat the investigator.

1f the duration is sufficient, and here there is individual variation, a third
phase is reached where anxiety is again manifested and thoughts tend to become
disorganized. As unconscious material threatens to surface, the defenses be-
come more primitive and the subject may manufacture irrational excuses to
terminate the experiment or may actually quit with no expressed reason.

These situations, however, have only an associative relationship with the
confinement experienced in the space cabin. There is no doubt, as Hall40 (1963)
asserts, that alone in a space cabin the occupant is deprived of companionship,
exchange of thoughts, exercise facilities, and outlets for relaxation. He may
be socially isolated, although on the larger missions even that will not apply,
but he is far from being in a state of sensory deprivation. The comments of the
astronauts and cosmonauts have attested to the wealth of sensation, visual, and
otherwise, with which they are assailed, and even weightlessness, as a negative
sensation, no doubt assists in contributing to the total perception.

To separate the effects of confinement, however, from the contamination
of various forms of perceptual isolation is a difficult matter, since nearly all
forms of confinement, and particularly solitary confinement, contain elements
of perceptual isolation. By selecting experience where perceptual isolation is
minimized and making allowances for its occurrence, the effects of confinement
per se can be examined. They will be considered in terms of the psychological
and physiological response. Tolerance of confinement and factors which modify

or improve tolerance will be considered separately, later.

THE PSYCHOLOGICAL EFFECTS OF CONFINEMENT

The psychological effects of confinement can be examined in terms of the
subjective response of the subject, changes in his behavior patterns, the results
of psychological testing during and post confinement, ability to maintain psycho-

motor skills, and the capacity to complete complex psychomotor tasks.
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Subject Evaluation

Subjective evaluations are undesirable sources of data under most
circumstances. Unless the subjects are trained objective reporters,
the quality and reliability of the reports may vary with the amount of
training of the subject, his past experience, and his emotional stability.
In a stressful or emotionally loaded situation such as confinement, the
last factor is of obvious importance. However, because of the physical
nature of confinement, particularly solitary confinement, an important
source of information is the subject himself. Unfortunately, the vari-
ations in experimental methodology have been such that objective reporting
of subjective reactions has not always been achieved.

The general pattern of subjective response has been examined by
analysis of diaries prepared during confinement, in post confinement
reports by the subject, in post confinement debriefings, and by observa-
tion.

Perceptual Aberrations: The occurrence of frank perceptual aberration

is widely disseminated throughout the anecdotal and experimental literature
on isolation, but very much less so in the literature dealing with confinement
per se. In fact, in studies of confinement involving three men or more it is
not reported. Heron 51 (1957), however, in reviewing the McGill experiments,
where the purpose was to remove patterned simulation, showed that prolonged
exposure to a monotonous environment has deleterious effects as evidenced by
impairment of thinking, childish emotional responses, and disturbance of
visual perception leading to the occurrence of both unstructured and fully
structured visual illusions. Similarly Myers et al. w3 (1962), in the HUMRRO
experiments, found that when their subjects were confined in a darkened
soundproofed cubicle for up to 4 days, they became anxious and restless; they
thought and dreamed about the past, frequently in frightening concepts; some
became fearful. Many could not distinguish wakefulness from sleep.

A somewhat similar type of response with perceptual aberrations was
observed in some of the subjects in the SAM one-man space cabin simulator
(Hawkins and Hauty, 48 1958). In these experiments the subjects underwent

simulated space missions of durations varying from 32 hours to 7 days within
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a specially designed altitude chamber allowing 47 cubic feet of free volume per
man. Although the intention was not to produce sensory deprivation or reduc-
tion, there was an inevitable element of perceptual isolation in the experiments.
Additional stresses included simulated altitude, the wearing of a partial pressure
suit, and increased CO2 tension. Subjects were4gequired to perform tasks on a
4 hour work rest schedule. Hawkins and Hauty noted that time became op-
pressive to the subject in a ratio directly proportional to the duration of the
flight. Intermittent periods of depression were common, and by the midpoint
of the flight the subjects demonstrated a heightened sense of irritability and
hostility. The boredom of the work period led to dozing during the work period
and an increasing restlessness. Hauty 46 (1964) details still further some of
the perceptual aberrations that developed and notes the appearance of actual
hallucinations and illusions, sufficient to produce great agitation in the subjects
concerned. He notes in addition that even when subjects were aware beforehand
of the potential occurrence of hallucinations and illusions this did not necessarily
prevent their occurrence. This led Hauty 46 to state, '"'.... the joint effects

of sensory impoverishment and prolonged continuous monitoring typically

will effect aberrant behavior and, prior knowledge notwithstanding, such be-
havior can act to compromise the functional integrity of the operator.
Perhaps, however, the latter statement is a little too emphatic. It is highly
significant that no disturbing illusions or hallucinations have actually been
reported in one-man space flight conditions, although, somewhat surprisingly,
some distortions of reality were observed by the subject in the Manhigh balloon
flight. At the same time, and Hauty makes this very clear, the response of
the Manhigh subject was such that, although distortions of reality and actual
illusions did occur, they were recognized as illusory and did not compromise
the mission. There is, no doubt, a wealth of factors differentiating the
response of the Manhigh subject from that of the simulator subjects. These
include motivation, morale, purposeful activity, selection and reality itself.

It is not reasonable to single out any specific factor, but whatever the cause,

as Hauty 46 says, ''.... he (the Manhigh subject) did learn how to terminate
these aberrancies most disturbing to him by initiating behavior that had the

effect of promoting diversity of sensory effects, or, in other words, increasing

sensory input. "

27



Thus, a man, even though alone, can apparently learn to cope with percep-
tual aberration. However, the absence of reports on aberrations occurring
among multi-man crews clearly indicates that the presence of other persons
sharing the confinement tends to reduce the occurrence of disruptive thinking.
With respect to the presence of other persons, however, it would appear that

more than one other is necessary before an effective barrier is created. It

was noted in the SAM two-man simulator experiments, for example, (Flinn

et al. 29 1961, Cramer and Flinn 19

1963) that while there was no evidence of
gross perceptual aberrations such as were seen in the one-man studies, some

auditory illusions did occur among the two-man subjects.

Physical Discomfort: Apart from the emotional reactions, the sheer

discomfort of confinement can be severe. The subjective response of the
individual, however, varies according to whether he is closely limited by the
boundaries of his confinement., Thus, in the SAM one-man space cabin experi-
ment (Steinkamp et al. 88 1959, etc., ), where the available volume was about
50 cubic feet, the subjects emphasized the restrictive aspects, with complaints
of immobility, fixed position of the seats, discomfort from the pressure suit,
general oppressiveness, etc., (Hawkins and Hauty 48 1959). On the other hand,
in the University of Georgia shelter experiments (Univ. of Georgia 4 1962)
where the available volume per man was the same, but up to 30 subjects were
involved, the response was directed more towards complaints about sleeping
without bunks or blankets, absence of bathing facitilies, the use of chemical
toilets, the persistence of disagreeable odors, and the atmospheric conditions.
Complaints about the available space were minimal. Studies where the
number of subjects was intermediate and the available volume was larger
showed something of both reactions. Thus, the 6 subjects in Hendler and
Mancinelli's 50 (1958) report who were confined for 7 days in a converted
altitude chamber with an available volume of about 75 cubic feet per man

found the greatest discomfort associated with the high relative humidity
(average 80%) and the odors from food and body waste; while in some of the

Lockheed Georgia studies (Alluisi et al. > 1963) where, for example, 5 subjects
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were confined for 30 days in a simulated crew compartment allowing

110 cubic feet per man, they emphasized restrictive discomforts such

as chafing of elbows, buttocks, head and ears. It is clear, however,

that in space, because of the associated weightlessness, musculo-skeletal
discomforts will be less marked, although restrictive immobility in the
smaller craft will still be a problem. This is perhaps particularly so in
the Gemini vehicle where mobility is even more restricted than it was in

the Mercury.

Interpersonal Relationships: The subjective reaction to disturbing inter -

personal relationships is a problem that besets the multi-man group, the more

29 (1961) remark, "It seems likely

so when the group is small. Flinn et al.
that in two-man flights, disturbances in perception will be less of a problem
than gradual changes in morale and attitude, and problems in interpersonal
relations.! Three man groups, however, are also considered to be basically
unstable since two members may unite permanently, or in shifting fashion,
against the third, and disrupt the integrity of the group. Feelings of resent-
ment and hostility either directed at individual colleagues in confinement or
perhaps, more commonly, projected to the external investigators, have been
fairly common in confinement and isolation research, although still more
common in the latter. Reference to this has been made, amongst others, by
Alluisi et al. > (19635 in the "HOPE" studies, Hawkins and Hauty 48 (1959)

in the SAM space cabin studies, Celentano et al. 14 (1962) in the North
American Aviation studies, Strope et al. 89, 90 (1960-61) in the RDL shelter
studies, and the University of Georgia 34 (1963) in their studies, while in
the isolation studies such as those reviewed by Solomon et al. 87 (1957),

Heron 51 (1957), and Zuckerman 104
29

(1964) it is a frequent occurrence.
Flinn et al. (1961) attempted with some success to make an objective
assessment of the subjective responses of subjects in the SAM two-man chamber
by means of pre-confinement psychiatric and psychological evaluation, observa-
tion during confinement and post-flight debriefings, psychologic testing, and
analysis of diaries. Using independent observers, they rated the personality

resources of their subjects in terms such as dependency, dominance, hostility,

self-concept, emotional control and various psychological defense mechanisms.
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Several objective and projective tests were completed. Inflight observation
was made by television. In addition, the subjects each kept a confidential
diary.

In general, the investigators found that the subjects maintained a high
morale and demonstrated few emotional changes, although in each of the four
pairs of subjects examined, some resentment occurred related to differing
behavioral characteristics of the subjects. A taciturn subject might be irritated
by a loquacious subject, who in turn would fed rebuffed. Seemingly innocuous
habits and mannerisms might eventually become irritating, and trivialities of
personal behavior would assume importance. Covert antagonisms would arise
over status, work responsibilities, and division of duties. Open antagonism,
however, rarely arose, and much of the hostility was displaced and directed
towards the monitoring personnel. A similar situation is reported by Tiller
and Figur 1 (1959). It is also interesting to observe that in the one-man
studies (I—Iauty&6 1964) similar expressions of hostility and antagonism
were reported, in this case directed largely against the environment, and
to a lesser extent projected to the investigators. Trivial things which the
subjects would normally consider incidental assumed greater significance-
haphazard storage, the clicking of an automatic camera, repetition of musical
recordings. Most of the time the investigators were unaware of the hostility
but later found it expressed in the diaries. It may be that in both cases the
hostility is in fact an expression of another emotion, projected in the case of
the two-man crews against each other, or in the case of the one-man crew,
against the environment itself.

The General Electric group (General Electric 33 1964) used a different
technique in psychosocial evaluation. Having originally selected their 4
crew members from a group of 40 volunteers by a careful process of psycho-
logical, physiological, and medical testing, they were reasonably confident
of the calibre of the individuals but could not predict interaction. Using a
rating form consisting of a series of 24 bi-polar adjective pairs with eight
degrees of response between each pair, each individual rated himself and
his crewmates. To the results a statistical process was applied to produce

a Group Cohesiveness Index which described the degree to which the group
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felt it had matters in common. The rating was applied regularly over a
period of 80 days, from 30 days before beginning the 30 day simulation
until 20 days after. The results are plotted in Figure 1. Comparison of
the experimental with a control curve obtained from an unconfined group
with the same typeofindependent work requiring cooperative effort shows
that before confinement the crew had attained the cohesiveness found in a
normal group. During the confinement period cohesiveness deteriorated
steeply with a sharp rise beginning as the flight was about to end. At

the same time individual personal ratings, shown in Figure 2, showed

a consistent increase in stability, such that self-rating was higher towards
the end.of the test, and 20 days after, than it was on initiation. Thus,
while there was a breakdown in group structure, the subjects individually
were able to use strong emotional defenses to sustain themselves, to the
extent that the decline in cohesiveness was not externally apparent, nor
were covert interpersonal feelings transmitted to other crew members.

The fact that interpersonal feelings were not allowed to interfere with
the success of the mission is equally characteristic of the studies of Flinn
et al. 29 (1961) and Tiller and Figur 91 (1959). The significance of moti-
vation and discipline as factors in masking the expression of hostility and
resentment is obvious, but should not be relied upon to ensure success in
a mission. The potential disruption of interpersonal relationships under
such circumstances suggests that great care must be taken to provide mutual
compatibility when selecting a group who will undergo prolonged confinement.
The Russians in particular have stressed this requirement to the extent that
if one member of the Voshkod crew became disabled prior to flight, the
entire crew would be replaced. This policy may increase the number of

astronauts to be trained for a given series of programmed missions.
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Psychological Measurements

Intellectual Capacity: It is characteristic of the findings in perceptual

isolation studies that intellectual capacity, as represented by constructive
thinking and problem solving, becomes impaired (Bexton et al. 6 1954, Doane
et al. 24 1959, Heron et al. b2 1956, Scott et al. 84 1959). Where emphasis
is more on the confinement aspects of the isolation situation, and less on the
sensory deprivation aspect, there is less interference with intellectual
function. Thus, Myers et al. 3 (1962), maintaining their subjects indivi-
dually in cubicles in relative comfort, found by way of questionnaires and
intellectual performance tests that while the performance of numerical

facility tests, verbal fluency tests, and immediate memory tests was largely
retained, a significant decrement was observed between the test subjects and
control subjects on tests of inductive reasoning and successive subtraction.
Efficiency recovered within three hours of leaving the cubicle. Similarly,
Hanna, Burns, and Tiller 42 (1963), with six volunteer Navy enlisted men
confined and restrained for periods up to 24 hours in a small isolation

chamber found a decrement in response to tests of intellectual capacity,

which, when subjected to analysis of variance, indicated that the parameters
sampled were influenced both by the environment and by personality differences
within the subjects themselves. In studies more related to the space cabin
environment, where sensory deprivation does not occur, Ormiston and

Finkelstein 80 (

1961) sought variations in performance in 20 selected Air Force
Officers each confined in an aircraft escape capsule of less than 30 cubic feet
capacity. During a 48 hour confinement the subjects worked periodically on
tasks involving arithmetic, digit retention, memory for confusing sentences,
verbal ability tests, memory for paired-associate nonsense syllables and
syllogistic logical reasoning. In addition, they were engaged in other activity,
more meaningful, including simulation of aerial reconnaissance. No significant
differences were observed between the test subjects and unconfined controls.
In the one-man SAM space cabin, and in further studies in the two-man
cabin, Gerathewohl 35 (1959) found that the facility in performing a complex
addition test actually increased during the confinement while the subjects

tended to maintain much the same steadiness of performance. A similar
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improvement in performance of some of the tests in the Navy simulator

was observed by Burns and Gifford 10 (1961). These findings suggest

that the subjects were probably inadequately trained in performing the

tasks before the confinement began, but demonstrates that learning can
apparently take place whileina confinement stress, andindicates preservation
of useful intellectual capacity. The fact that the subjects were engaged
during other portions of the time in meaningful tasks leads Gerathewohl

to suggest that in confinement an individual can perform perceptual tasks
accurately if he is engaged in purposeful activities and well informed about
his situation.

Passing to a situation similar to a long range multi-man space flight
operation, the Manned Space Operation group at General Electric (General
Electric 33 1964) conducted tests on a selected 4-man crew during a
closely simulated space mission. Tests included measures of higher
order mental function, such as memory for digits, mental arithmetic,
number retention, and again no significant decrement was observed during
the simulation period s compared with a pre-simulation control runs.
Similarly, Celentano et al. 14 (1962), in a 7 day space cabin study with a
North American Aviation simulator, noted that no evidence of intellectual
degradation was found in their studies, while Hanna and Gaito 43 (1960)
found no performance decrement in complex arithmetical tasks during their
7 day 6-man space cabin simulation.

Thus, in a situation in which the sensory input is diminished, intellectual
function appears to suffer, whereas in an equally confined situation with
adequate sensory stimulation there is no apparent decrement in intellectual
functioning. The situation then is somewhat akin to that determining the
occurrence of perceptual aberration. Discussing this, Burns and Gifford 10
(1961) state, "The multiplicity of variables operating simultaneously in a
confinement situation make assignmnet of dominant or major sources of in-
fluence rather arbitrary. Loss of information about external events is
certainly impo rtant to the isolate. Cues as to diurnal variation and tempera-
ture changes contribute to the hypodynamic aspects of the isolate's environ-

ment. Liack of knowledge of the activities of others (friends, family, etc.)

also contributes to the separation of the isolate from his normal environment.
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Finally, inadequate information with regard to the isolate's performance
increase his feeling of detachment and add to his insecurity.' These and
other various factors combine to diminish '""consensual validation', as it
has been termed in the "brainwashing'' literature, and reduce the capacity
for organized constructive thought. Consensual validation might be con-
sidered as ancillary evidence or information tending to confirm one's per-
ceptual orientation. Thus, any factor that tends to increase consensual
validation, such as the presence of colleagues, discussion on an intercom,
activity on a meaningful task, routine interruptions, etc., will tend to
confirm reality and assist in defining a basis for constructive thinking, and
in some cases allow improvement in performance. Lack of consensual

validation should not bea problem in spacecraft.

Time Estimation: Another aspect of intellectual function, again

subject to consensual validation, is that of time estimation. Weybrew
(1963) notes the significance of time perspective in influencing morale, and
quotes the early work of Gulliksen in which the latter demonstrated that
inactive intervals are under-estimated. As has already been noted (Hawkins
and Hauty 48 1959) time becomes oppressive to the solitary isolate.

Mitchell [ (1962) described time estimation experiments in the WADD
isolation room, a converted anechoic chamber containing a bed, refrigerator,
seat and toilet. Using 34 subjects, including 10 Air Force Test Pilots, she
investigated the ability to estimate 1 second, 5 seconds, 10 seconds, and
fractions of an hour up to 4 hours. The 1 second period was overestimated,

5 seconds was estimated accurately and 10 seconds underestimated, while

6, 30, 60, and 120 minutes were significantly underestimated. Some subjects
went on to estimate up to 48 hours by 4 hour periods. Four hour estimates
tended to become steadily shorter during the 48 hours. Some of the subjects
became confused even when given a clock. Two of the subjects defected.
Burns and Gifford 10 (1961) undertook some interesting studies on time
estimation with the 6 subjects on the Navy simulator during an 8-day confine-
ment. Their technique involved a measured estimate by the subjects of four

different durations (15, 90, 180, and 300 seconds), but because of instru-

ment failure only the data for the first three durations were usable. In each
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case there was a significant overestimation of time on the part of the experi-
mental group as compared to a control group. In addition, the degree of
overestimation increased as the length of confinement increased, although
the daily increase was not statistically significant for the 15 second interval.
Hanna, Burns, and Tiller 42 (1963) undertook a similar time estimation
study during their work with solitary subjects in the Navy isolation chamber,
measuring estimates of 15, 30, 90, 180, and 300 seconds. They found that
in unconfined control sessions the 15 second interval was slightly over -
estimated whereas the other four intervals were moderately to greatly
underestimated. During the experimental period the three shortest intervals
(15, 30, and 90 seconds) were overestimated and the two longest intervals
(180 and 300 seconds) were underestinated. Thus, there was an overall
trend for the shortest interval to be overestimated during all sessions,
including control, and for the two intermediate time intervals to be under -
estimated during control runs but overestimated during experimental sessions.
The trend, however, did not increase with prolonged isolation. The signi-
ficance of these findings is not clear, but the comparison between the
consistency of overestimation during a period of active confinement in a
simulator and the inconsistency during passive isolation is marked, and
tends to confirm the requirement for consensual validation in time estimation.
38 (1962) in their

simulated lunar mission study showed no significant difference between the

Time estimations carried out by Grodsky and Bryant

confinement period and the pre-confinement period in estimations of 1, 5,
30, and 60 seconds. The authors suggest, probably rightly, that the accuracy
in time estimation of their subjects in comparison with that of isolation
subjects was related to the fact that their subjects were concurrently engaged
in time-dependent tasks which provided an element of consensual validation.
Thus, it would seem that in isolation, with reduced consensual valida -
tion, time estimation is considerably distorted. Part of this distortion may
be related to the artificiality of the task. In a situation such as confined
space flight, however, where operators are of necessity engaged in time-

dependent tasks and activities lending themselves to ready estimate of

duration, the evaluation of passage of time is largely, if not entirely, unaffected.
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Perceptual Tests: Other specific forms of perceptual ability have been

investigated under conditions of confinement. Rate estimation was studied
by Rathert et al. 82 (1964) during a 7-day confinement study in the NASA
Ames capsule. Velocity judgments were made using three different speeds
of rotation of a hand on a clock which was visible only on a portion of the
face. The subject estimated time of arrival of the hand at a hidden point.
Although only two subjects were used, and some inconsistenci s occurred in
the results, there seemed to be a trend towards a decrement in performance
as confinement proceeded.

Rathert et al. 82 (1964) also studied a pattern discrimination task in the
same experiment. Patterns were made by arrays of dots produced by a
computer. A pattern, followed after a short period by a comparison pattern,
was presented to the subject. The comparison pattern was rotated 1807,
The subject determined if the patterns were similar or dissimilar. Perform-
ance improved during the first three days and then deteriorated; but as the
authors suggest, a lack of inherent interest in the task no doubt contributed
to the deterioration.

79

Ormiston (1961) undertook some interesting illusional tests with
subjects confined eight hours in a lighted cubicle. These consisted of
demonstrations of the Phi phenomenon, response to a Necker cube, demonstra -
tion of autokinesis, and of a spiral after-effect. In comparisons between con-
fined and unconfined subjects no difference was found in frequency of flash for
perception of the Phi phenomenon, nor in response latency to autokinesis.
Confined subjects showed significantly fewer reversals of the Necker cube,
while unconfined showed an increase. For the confined subjects the duration

of spiral after -effect lasted significantly longer than for the unconfined. In

the latter the duration decreased. The significance is obscure. Similar

results in spiral after-effect were observed by Doane et al. 24 (1959).

Reaction Time: Reaction time has not been a fruitful source of informa-

16

tion in confinement. In the work of Chiles (1955) also reported by Dempsey

22 . .
et al. (1956), which involved an element of isolation in that four subjects

were individually maintained in an aircraft cockpit for 56 hours, reaction time
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was measured as the time to cancel a panel light. Since the subject re-
ceived no warning, there was a vigilance factor involved in the test.
Results showed a wide range of response, from 0. 6 to 90 seconds with

a median of 15 seconds. Ten percent of the responses took longer than
6.1 seconds. No trend, however, was observed with duration of confine-
ment.

The General Electric group (General Electric 33 13964) removed the
element of vigilance from their reaction tests by providing a visual warning
signal before beginning the tests. Both simple and choice reaction time were
measured, four choices being provided in the latter. No significant change
in performance occurred over the 30 day time interval. Unfortunately the
results obtained were not compared with a pre-run control.

Grodsky and Bryant 38 (1962) used another form of test in which, after
a warning signal, a panel clock was started externally and had to be stopped
by the subject after a given time (1, 5, 15 seconds). Comparison between
pre-run control and experimental tests showed no significant differences.
Thus, although no trend occurred with confinement, it cannot be stated
categoricallythat confinement causes no change in reaction time. The
wide range of response in the Chiles L6 study, and the greatly prolonged
response time in some instances, is also open to mixed interpretation
because of the element of vigilance involved. The prolonged re .ction which
was demonstrated by Dempsey 23, is, however, of considerable practical
significance in that it demonstrates that in more than 10% of cases a warning
light might go unobserved for over 6 seconds, and in some cases for over
90 seconds, despite a readily visible location on the lower left corner of

the instrument panel.

Vigilance: Tests of vigilance have been popular means of determining

alertness or fatigue. Measures of other types of auditory or visual vigilance,
1 82
4 (1962), by Rathert et al.
(1964), General Electric 33 (1964), Adams and Chiles 2 (1960), Adams and

. 3 . 1
Chiles 7 (1961), Chiles 6 (1955), Myers et al. 3 (1962), and Burns and

or both, have been reported by Celentano et al.

. 10
Gifford (1961). In general, although there was some variability, vigilance
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was not affected under the conditions studied. In the Adams and Chiles 3 (1961)
study, which was primarily a study of work scheduling using a four hour on and
two hour off schedule, there was a decrement related to the duration of confine-
ment. Because of the severity of the schedule, however, this decrement

might represent the results of scheduling fatigue. An interesting comment
also comes out of the Myers et al. 3 (1962 ) study. While the performance of
the confined group in auditory vigilance tests when working in a lighted cubicle
was not significantly better than that of an unconfined group working in light,

it was significantly better than that of an unconfined group working in the dark.
In other words, the effect of the confinement per se is probably of less signi-
ficance than the nature of the conditions in which the confinement is undertaken.

The criticality of the task is probably another significant factor.

Monitoring: Various forms of monitoring have been measured, some of

16

which are more in the nature of vigilance studies, (Chiles 1955; Dempsey

et al. 22 1956; Celentano et al. 14 1962; Burns K 1959), and some of which
have elements of tracking (General Electric 33 1964). A straight monitoring
study was described by Rathert et al. 82 (1964) which involved response to a
display representing mission status. The results of these studies are some-
what variable but no evidence of gross deterioration has been noted, and in fact,
in the General Electric study and the NASA study performance actually im-

proved with time.

Tracking: Tracking tasks of different types as measures of psycho-
motor performance have been examined by numerous groups, including

Steinkamp et al. 88 (1959) in the SAM simulator, Burns 9 (1959), and Burns

and Gifford 10 (1961) in the Navy simulator, Ormiston 79 (1961) in the
WADD cubicle, Ormiston and Finkelstein 80 (1961) in the WADD escape
14

(

capsule, Celentano et al. 1962) in the NAA simulator, and Rathert et al.

(1964) in the NASA simulator. With the exception of the studies by
Steinkamp et al. (1959) no appreciable decrement in tracking performance
was evident. In Steinkamp's study one of the four subjects, who was a capable
airman but inexperienced in the stresses associated with prolonged high

performance flight, showed a decrement in performance with time. It is
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malfunctions and emergencies were introduced. Two missions were
completed with different work-rest schedules, the second mission having

a more tolerable duty cycle. Crew performance was measured during the
dynamic flight phases and compared with baseline landings, lunar ascent

and orbit rendezvous, and re-entry. No degradation in pilot performance
was observed and no deterioration in alertness, as measured by response

to emergency, was noted, although pilots tended to forget certain procedures
at times, perhaps from inadequate training.

Grodsky and Bryant 38 (

1962) report the results of the same mission

and two previous missions of 3% days. During these mission, in addition to
certain specific psychological and physiological measurements, data were
obtained on performance in flight control tasks, systems management tasks,
detection of malfunctions and navigational tasks. Comparison was made with
baseline performance data obtained during a 10 week period prior to the flights.
In general, no major decrement occurred in performance, although quite a
number of procedural errors occurred during each of the flights, gradually
diminishing between the first and the third flights. The nature of the errors,
however, which were largely of the type of forgetting the sequence of pro-
cedures, and the fact that errors tended to occur sporadically, suggests that
errors were not so much associated with confinement as with lack of training
and lack of practice during the "resting'" portions of the flight. Some of them
also probably indicated poor information display.

The General Electric group 33 (1964) included a rendezvous and docking
task in their four man 30 day simulation program, utilizing a stationary
simulation by computer for the task. The task included a search procedure,
followed by acquisition of the vehicle. Measurements were made of the
ability of the subjects to reduce the closing rate of the vehicles to near zero
velocity at a specified range, and to maintain a satisfactory vehicle attitude,
while note was also taken of the total rendezvous time and the cumulative
thrust duration. Most of the rendezvous maneuvers were successfully
completed. For the docking simulation, the General Electric five-degree-

of-ireedom simulator was employed with a television presentation. The

same control system was used for rendezvous and docking. In all cases
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perhaps surprising that Ormiston's subjects who were isolated in a cubicle
showed no decrement in tracking performance, but this may be related to

the relatively short (eight hours) duration of the confinement.

Complex Performance: While measurement of performance skills

and psychological attributes is valuable in determining specific response
to a stress, the ability of a subject to perform the mission required of him
is of practical concern. Several of the simulator studies have employed
task systems that represent the actual type of activity that would be re-
quired in a space mission. McKenzie et al. 8 (1961) in the SAM two-man
simulator, described predominantly visual tasks. These were disposed across
three panels to produce a multivariate system which included some fairly
standard approaches to psychological testing. The system was given a degree
of space flight verisimilitude by assigning to portions of it terms such as
Navigation or Orbital Computer, Airborne Radar and Doppler Position System,
Reaction Control Monitoring System and Data Telemetry System. The effect
on response times of frequency of signal, length of work period, and flight
duration was measured during a 17 day and a 30 day flight. In the 17 day
flight there was a steadily increasing average response time which, however,
was not obtained in the antecedent 30 day flight. The authors attribute the
difference to one or both of two variables, namely, that the 17 day flight
was maintained at a simulated 33, 000 feet altitude instead of 18, 000 feet,
and that the 17 day flight was the second extended flight for the subjects within
a short period. Since the pO2 in each case was held constant, it is unlikely
that variation in altitude made any significant difference. A considerable
diurnal difference in response time (longer at night) was observed which re-~
flected the effects of diurnal cycling, and extended work period during the
night, and changes in signal rates. A separate analysis for a varying signal
rate showed an inverse relationship between the number of responses made
in a given period and the average response time during that period.

Mallick and Ream 69 (1963) described the work during a 7 day simulation
with the Martin Baltimore lunar mission simulator which incorporated the
Langley Research Center one-man "bug'. Displays, tasks, and activities

represented those of the mission. To provide further realism, various
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the docking maneuvers were successfully completed and proficiency im-
proved with time.

82 (1964), in addition

In the NASA Ames studies reported by Rathert et al.
to some of the other tests discussed before, a navigation task was required
of the subjects, based on an emergency midcourse guidance system in which
the astronauts photographed the earth's disc and star background and there-
after calculated the trajectory. The ability of the subjects to make the
necessary photographic measurements remained satisfactory throughout the
confinement period. The performance of the mathematical computation

was not satisfactory, probably because of improper design of the procedure

and inadequate training, rather than confinement per se.

Other Coordinated Tasks: In another area of confinement investigation,
Hicks 2> 2% 2% 56 57 (19604, 1960b, 196la, 1961b, 1962) carried out

a series of studies on the efficiency of soldiers who had been confined for

various periods under severe environmental conditions in an Armored
Personnel Carrier. Before and after confinement he measured their
performance on complex activities, such as an obstructed run course, a

rail walking course, grenade throwing, and rifle firing. Little effect

was observed with a four hour confinement, but with increasing duration
from four hours to 24 hours, sometimes with mounting heat and humidity,
noise and buffeting, there was an increasing decrement in performance.

One of the tests, of 12 hours duration, was undertaken in a stationary vehicle
without motion, noise, or vibration. During the first five hours of this

test no air conditioning was provided and the effective temperature rose to
lOOO F. During the remainder of the run, however, ventilation was pro-
vided and a reasonable environment was maintained. Consequently the test
represented a stress provided mainly by confinement, although sequelae
from the heat stress cannot be entirely disregarded. This particular test
resulted in statistically significant performance decrements representing
loss in equilibrium (rail walking), loss in stamina and locomotor coordination
(obstructed run), loss in grenade throwing accuracy, but no observable

change in rifle accuracy.
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From examination of the results of these complex coordinated tasks it
would appear that within the durations studied, and under conditions simu-
lating to some extent actual space flight vehicles, the ability of the crew to
perform meaningful tasks is not impaired by confinement per se. When
the available volume is reduced, however, to intolerable or barely tolerable
limits, as in the case of the Armored Personnel Carriers, task performance
is impaired.

The occurrence of procedural and computational errors points up the
necessity of careful consideration of task design and training procedures
and suggests that in the longer flights training should be continued during

the mission.

The "HOPE'" Studies. The psychological effects of confinement cannot be

left without reference to the studies conducted in the Lockheed Georgia

crew compartment mock-up by Adams, Chiles, Alluisi, and their colleagues
(Adams and Chiles ° 1960; Adams and Chiles > 1961; Alluisi et al. ° 1963;
Alluisi et al. 4 1964) to which some casual reference has already been made.
These studies, which began essentially with a study labelled OPN-360 and
went through studies termed HOPE-II to HOPE-VII, were primarily neither
confinement studies nor mission simulation, but were designed to determine
the effects of varying work-rest cycles. They did, however, involve aspects
of confinement in that crews of varying numbers and experience were main-
tained for periods varying from 96 hours to 30 days under various conditions
of work within a mock-up comprising a five station work area, a leisure area,
and a sleeping area, and presenting a total volume of approximately 1100
cubic feet. Depending on the number of occupants this permitted about 100
to 180 cubic feet per man.

To summarize the results it is convenient to paraphrase the words of
Alluisi et al. 4 (1964), who point out that in the preparatory studies (Adams
and Chiles 2 1960), the performance of 16 subjects was measured over 96
hours on four different work-rest schedules. The subjects were tested in
groups of eight in a flight systems mock-up which was distributed within a
laboratory and occupied a total volume of less than 1000 cubic feet. This

was not a true confinement study, however, in that the various working and
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sleeping areas were located in different parts of the laboratory, and also
since the subjects left the laboratory for meals. The results suggested that
for active and passive work a two hour or four hour shift was superior to
others. Two additional 96 hour experiments followed, which included in-
vestigation of a 6-2 schedule. This schedule allowed less than four hours of
sleep per day. Questionnaires from the subjects indicated that severe per-
formance decrement would have resulted from prolongation of the exposure
beyond 96 hours.

Operation - 360 (OPN-360) was the first of the long-term investigations
(Adams and Chiles 3 1961). Two crews of operational personnel were
separately confined in the 1100 cubic feet crew compartment on a 4-2
schedule for 15 day periods. This experiment included complete confine-
ment, and elements of mission simulation. A subsequent control study
was carried out with six subjects working four hours per day, five consecu-
tive days per week, for six weeks. Well-marked diurnal rhythms were ob-
served, and fatigue and emotional reactions noted. The trends in the
confined group, in comparison with the control group, suggested that, with
a minimum of selection, motivated subjects could produce levels of per-
formance on a 4-2 work-rest schedule that would be acceptable for at least
15 days.

The second and third long term investigations, HOPE-II and HOPE -111
(Alluisi et al. > 1963) added group performance tasks to the activities. These
required interactions among crew members in the form of exchanges of infor-
mation, cooperation, and group coordination. In HOPE-II, six subjects
followed a 4-2 schedule for 15 days while in HOPE-III ten pilots followed a
4-4 schedule for 30 days. Again it was shown, that with high motivation, a
4-2 schedule could be maintained for 15 days with acceptable decrement.
Performance, however, was better sustained on a 4-4 schedule for a 30
day period.

In tests HOPE-IV and HOPE-V (Alluisi et al. 4 1964), ten subjects were
confined for 12 days on a 4-4 schedule following the same program as HOPE -
II, except that during the sixth and seventh days subjects worked continuously

for 44 hours. In HOPE-VI and HOPE -VII (Alluisi et al. 4 1964) six subjects
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were confined for 12 days on a 4-2 schedule using the HOPE-II program,
and again in this case worked continuously for 40 hours during the sixth

and seventh days. In both cases, the sleep loss resulted in significant
performance decrement, which was greater on the 4-2 schedule (HOPE-VII)
than on the 4-4 HOPE-VI. Performance returned to approximately the
level expected had there been no sleep loss after the subjects on the 4-4
schedule had obtained two sleep periods and after those on the 4-2 schedule
had obtained three sleep periods.

This work would indicate, inter alia, that for optimum performance with
minimum crew, a schedule of four hours work alternating with four hours
rest is a requisite. It is not the intention to discuss here problems of work-
rest scheduling, but in passing it is noted that a 4-4 schedule was used
effectively in the SAM one-man simulator (Steinkamp et al. 88 1959) and
the NASA Ames study (Rathert et al. 82 1964). The General Electric Group 33
(1964) used an individualized cycle system on a 24 hour day, while Grodsky
and Bryant 38 employed two systems in their studies, one allowing eight
hours sleep, six hours relaxation, and 10 hours work in a 24 hour day, and
the other allowing two separate four hour sleep periods, 10 hours work and
eight hours relaxation in a 26 hour day. The SAM two-man studies (McKenzie,
et al. 68 1961) used a complex system in which each day the simulator was
internally manned for 22 hours, the remaining two being controlled from the
ground. Each subject manned the operator system for a three hour period
in the mornings, a two hour period in the afternoons and a five hour work
period at night, along with an extra two hour period every other day. Six to
seven hours of sleep were allowed per person and the remaining time was

mostly free.

University of Maryland Programmed Environment. Another study requiring

specific attention is that carried out by the Institute for Behavioral Research
of the University of Maryland, assisted by the Walter Reed Army Insitute of

Research (Findley et al. 27

1963). In that considerable space and area were
involved, (1368 cubic feet, 171 square feet), the restrictive aspects of this

study were minimal. In fact, it was not so much a study of confinement as a
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study of the response to an environment in which every activity on the part
of the subject was programmed for him on the basis of satisfactory sequential
performance; the effect is something analogous, although much more complex,
to the reward or punishment achieved by a chimpanzee after making the correct
motion of a lever. The principles and techniques of the animal laboratory were
incorporated into the design of the experimental environment whereby require-
ments or contingencies were programmed in such a manner that the behavior
of the subject produced pre-programmed changes in the environment. Parti-
cular behaviors had given consequences, but only if these forms of behavior
were manifested under specific stimulus conditions. The environment differed
fundamentally from a normal environment in that opportunities for various kinds
of activities were available only as specifically provided for by the behavioral
program.

The chamber consisted of three interconnected rooms, one room 11 feet
x 11 feet, and two small rooms 5 feet x 5 feet. All three were 8 feet in height.
The rooms were air conditioned, with the temperature maintained at 75% while
the subject was awake and 70° asleep. Sound attenuation was provided. The
chamber was normally illuminated except during parts of the program when
the lights were extinguished. A decorative appearance was provided. The
main room contained a bunk, table and chairs, a lounge chair, automatic equip-
ment and consoles, along with small pieces of equipment and storage drawers.
One small room was a special work room and the other contained full toilet
facilities. Access to the small rooms was available only on a programmed
basis except for limited toilet use. To maintain himself, and provide re-
creation and rewards, the nature of which might be unknown, the subject was
required to perform various activities in a programmed order as directed by
console indicators. The type of activities, and their initiation,was either
automatically controlled or under the direction of outside investigators.
Communication from outside was limited to the minimum. Performance
changes were recorded in terms of frequency of selection of activities,

duration of activities, and other quantitative and non-quantitative measures.
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A subject was maintained in this environment for 152 days until cumulative
stress led to his defection. In the course of time, behavioral decrements
occurred, including increasing hostility, increasing frequency of toilet use
(where the subject was left to his own resources in privacy), increasing
frequency of general negative complaints, somatic complaints,and requests
for health items, increasing frequency of sleep, increased duration of toilet
operations and eating, and declining time in creative activities. The authors
consider that these behavioral decrements were due more to social isolation
than to confinement per se, and this belief seems to be justified, although

definitive results cannot be obtained from one subject.

To summarize the psychological response to confinement, excluding as
much as possible the factor of perceptual isolation, and bearing in mind the
varying methodologies involved in the experimentation, it would appear that
the effects are manifested initially as subjective emotional reactions, such
as hositility and resentment, directed in the case of the solitary isolate
largely against the environment and investigators, or in the case of multiple
confinees, against their colleagues. Where restriction of movement is
paramount, subjective discomfort can be severe. Perceptual aberrations
are not apparently a feature of confinement but occur as a result of reduced
sensory input. Performance decrement, intellectual or complex psycho-
motor, is relatively slight, and probably results either from fatigue arising
from demanding work schedules, or from boredom associated with perform -
ance of repetitive and apparently useless tasks. Simulator experiments
have shown that provided available space is above a given threshold, and
this will be discussed later, a selected and highly motivated crew, in spite
of discomforts and covert hostilities, can maintain performance levels for
in-flight activities with only moderate decrements for simulated missions
of at least 30 days. The effect of the additional stresses which will occur in
actual space flight can only be guessed at, but there is no doubt, for example,
that weightlessness will relieve some of the distresses of restriction, while

exhilaration and fear will modify some of the emotional reactions.
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THE PHYSIOLOGICAL EFFECTS OF CONFINEMENT

Assuming an acceptable level of ventilation, temperature, humidity and
other extraneous environmental factors, the physiological changes associated
with confinement might be expected to result from the physical limitation of
activity imposed by the restricted environment, and from changes induced by
the subjective reactions to confinement. It is well known to the clinician that
prolonged inactivity gives rise to a generalized hypofunction, manifested
particulary in the cardiovascular and musculoskeletal systems. Because of
this, fears have been expressed over the potential effects of weightlessness
in this regard, and numerous studies of simulated weightlessness, along with
observations on astronauts and cosmonauts, have shown these fears to be well
grounded. Lamb et al. 63 (1964 a), however, have made the very pertinent
point that all hypogravic studies have of necessity included inactivity as a
major factor in the simulation, and until the effects of the inactivity per se
have been evaluated the contribution of weightlessness cannot be properly
assessed. The cardiovascular response to confinement thus becomes of

considerable significance in assessing the overall response to space flight.

Cardiovascular Studies

Numerous investigators have monitored cardiovascular activity during
and after confinement. There is no doubt that under conditions. of severe
confinement, approaching immobilization, there is evidence of fairly

extensive cardiovascular deconditioning. Bed-rest studies, representing
near extremes of immobilization, and certainly restrictive confinement,
have been conducted by Birkhead et al. 7 (1963), Miller, Hartman et al.

L (1964) and Miller et al. 71 (1964). The studies of Miller and his group,
for example, showed that during periods of two to four weeks flat bed rest,
orthostatic tolerance, which represents the capacity of the cardiovascular
system to adapt to changes in hydrostatic pressure, was considerably re-
duced. To demonstrate, however, that the deconditioningwas not solely

a function of the supine posture Lamb et al. 64 (1964 b) maintained six
healthy subjects restrained in arm-chairs for four days in such a manner
that they required minimum effort to support their own weight. Two of the
subjects demonstrated orthostatic intolerance on the tilt table after confine-

ment to the chairs.
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The hydrostatic pressure head in the terrestrial situation is proportional
to the length of the column of liquid. Consequently, in the supine position, as
compared to the erect position, the pressure head between head and feet is
practically negligible, and it would seem reasonable to assume that in bed-
rest, deconditioning is associated with the reduced requirement for the
cardiovascular system to combat the pressure head. In the seated position,
however, the pressure head is about two-thirds that in the erect. Since
deconditioning also occurs in the seated position it would seem that other
factors are involved in loss of conditioning besides a drop in the pressure
head. The factors involved no doubt include loss of blood volume mediated
through fluid volume receptors. Other factors may involve disuse atrophy
of muscle and diminished action of the muscle pump.

While mobility is very restricted in bed and in a chair, it is somewhat
less so in a space cabin, although in the smaller cabins opportunity for
translational movement is minimal. To determine whether deconditioning
actually occurs under these conditions, Lamb et al. 63 (1964 a) made a
retrospective study of the findings of 36 subjects confined in the SAM space
cabin simulator for various experiments. The measurements were not the
result of a planned investigation but were incidental to specific simulator
experiments in which different groups were confined for 14, 16, 17, or 30
days, during which they were frequently seated, had regular sleep periods,
and were very limited in physical activity by the size of the cabin. Specific
measures for most of the subjects included a double Master's test pre- and
post-run, treadmill studies, and tilt table tolerance with accompanying
measures of heart rate and blood pressure. The tilt table protocol incor -
porated a baseline heart rate by EKG, and the measurement of blood
pressure in the horizontal position. The subject was then tilted to the
perpendicular, usually slung in a parachute harness. Thereafter, EKG
and blood pressure were obtained at each minute of orthostasis. This
was followed by breathholding and hyperventilation tests during a maximum
duration of about 20 minutes orthostasis. In addition, most subjects under-
went pre- and post-confinement cholesterol determinations, body weight

measurements, and determinations of hemoglobin, hematocrit, red blood
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Table 2.

Changes in Treadmill Studies

| Maximum Maximum
Subject Time Change Oy con- O7 con- Change
before (min. ) sumption sumption (cc.)
before (cc.) after (cc.)
Al 11 +3
A2 17 -2
A3 18 0
A4 15 +1
A5
Ab
Bl 17 +1 2500 2500 0
B2 16 -1 2400 2900 +500
B3 12 0 2000 2000 0
B4 11 0 2700 2400 -300
B5 11 -2 2050 2050 0
B6 14 -6 2100 1800 -300
B7 15 -4 2700 2100 -600
B8 18 -4 3000 2300 -700
i Cl 16 -4
I C2 14 +1
. C3 14 +1
C4 13 +2
C5 14 -2
[@F¢) 13 -4
C7 15 -2
C8 16 ; -2
DI T7 2 1
D2 17 -1 3
D3 16 , +1 |
D4 10 i 0 i
El i '
E2 |
Fl 16 - -4 3000 2100 ‘ -900
F2 18 i -3 3200 2600 -600
F3 17 ' -7 2600 2000 -600
¥4 18 ' -7 2600 2500 -100
Gl 21 : -6 3600 3100 -500
G2 16 _ -7 1 2300 1700 -600
G3 13 ' -4 1 2500 2100 -400
G4 19 ‘ -9 3300 2300 -1000.
Mean
change -2.3 ~-381.0
Source: Lamb et al. (ref. 63)
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Table 3.

Heart Rate Changes During Orthostasis
After Confinement

Baseline 12 minutes 16 minutes 20 minutes
Mean change -0.3/min.| +10.0/min. +12.8/min. | +6.2/min.
Number of subjects with
., decreased heart rate 12 5 3 7
Number of subjects with
unchanged heart rate 8 7 4 3
! Number of subjects with
increased heart rate 12 19 20 15

Source:Lamb et al. (ref. 63)




cell count, blood volume, plasma volume, and red blood cell mass, while
some had oxygen consumption studies from measurements made during

exerclise on a treadmaill.

In these subjects, cardiovascular deconditioning after confinement was
manifested by decreased blood volume, decreased hemoglobin, decreased
exercise tolerance as shown by an increase in pulse rate after a Master's
exercise tolerance test, decreased exercise endurance on the treadmill,
decreased maximum oxygen consumption, and decreased orthostatic

tolerance.

Specifically, blood volume as measured by the I-131 dilution technique
showed a decrease in 15 out of 17 subjects; hemoglobin decreased in 22
out of 26 subjects; hematocrit decreased in 28 out of 32 subjects. In the
treadmill studies, the time required to reach a heart rate of 180 to 200
decreased in 21 out of 32 subjects, being reduced in some cases by six
or seven minutes, while maximum oxygen intake was decreased in 12 outof
16 subjects. The data are shown in Table 2, which indicates for all
subjects the time to reach threshold for pre-confinement subjects, the

change in time post-confinement, and in some subjects the O2 intake.

The tilt table studies are particularly interesting. Pertinent data are
shown in Table 3 which, allowing for those defecting by reason of syncope
( seven subjects), shows an increasing heart rate with duration of exposure
to tilt. At the same time the number of subjects with decreasing pulse
pressure shows a progressive increase, while the systolic pressure tends
towards decrease. Pre-confinement, no subject demonstrated a syncope
during the first 12 minutes of exposure whereas post-confinement four
subjects (11%) had syncopal episodes in less than 12 minutes. In total,

nine subjects demonstrated syncope post-confinement as against four pre-

confinement.

As another manifestation of deconditioning, although the conditions and
volume of the cabin are not clearly stated, the Russians (l.ebedinskiy et al.
65

1964) showed that after 10 to 15 days of confinement the cardiac stroke

volume decreased from 50 to 40 ml. and the minute volume decreased from

53



3.75 to 2.7 liters. Under physical loading conditions (unstated) these
indices did not reach the level of pre-confinement controls. A three
minute delay was observed in return to normal.

Nore of the other groups concerned with confinement studies would
appear to have made a specific study of deconditioning in confinement,
but it is interesting to note that Steinkamp et al. 88 (1959), before the
problems of confinement deconditioning had been examined, observed that
the post-flight circulatory studies on subjects in the one-man simulator
resembled the pattern found among convalescent patients during prolonged
bed-rest. Celentano et al. 14, 13 (1962, 1963), in their studies with the
North American Aviation simulators, where the smallest allowed about 65
cubic feet per man, observed that subjects experienced a rise in blood
pressure and increase in heart rate on leaving the cabin, along with
complaints of dizziness, weakness, and fatigue in walking, and that the
symptoms resembled those found on bed-rest. From the above discussion,
it would appear that the cardiovascular deconditioning is related to the
degree of restriction in the confinement.

Where more space is available there is more mobility, and confinement
is less extreme. In Grodsky and Bryant's 38 (1962) Manned Lunar Mission
study where each occupant had about 135 cubic feet of space, no deterioration
was observed in the post-confinement performance of athletic endurance tests
nor of the Harvard step test. The latter was scored both in terms of number
of steps per minute and maximum heart rate attained. Similarly in the 30
day General Electric mission (General Electric 33 1964) no significant decre-
ment was observed in the performance of an exercise tolerance test. In
both of these simulations, however, the situation was complicated by the
addition of strenuous exercise to the protocol. In the former case the exercise
was in the form of an organized program, whereas in the latter the daily tolerance
test was in itself a fairly strenuous exercise.

Changes in heart rate, however, are by no means due only to deconditioning.
Adaptation to a new environment, diurnal variation, and emotional stress have
all been observed as influencing factors. An initial rise followed by a progres-
sive decrease in heart rate was observed in studies, where other manifestations

of deconditioning were not obvious,by Hanna, Burns, and Tiller 42 (1963),
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Hanna 11 (1962), Alluisi et al. ° (1963), Adams and Chiles > (1961),
Celentano et al. L4 (1962), Gorbov et al. 37 (1964), and probably represents
an emotional response to the stress of a new environment. The effects of

diurnal variation have been remarked on by numerous investigators including

in particular Alluisi et al. > (1963), Adams and Chiles 3 (1961), and Hanna

42 (1963). As another manifestation of emotional response, Hanna

et al.
(1962), in another paper, showed that the initial rise in heart rate was

followed by a progressive fall, which in turn was markedly interrupted on

the fifth day of his particular study when a serious emergency was deliberately
intrcduced into the simulation. Emotional affects are also probably reflected
in the rise in pulse rate that tends to occur on the last day of confinement. In
the Gemini missions, in which weightlessness, and no doubt, emotional stress
were complicating factors,the heart rate showed an initial rise which stabilized
in 36-48 hours, with marked diurnal variation, and rose again 2-3 orbits before
retrofire.

Thus, in summary, confinement within a region of very limited movement,
as in a space cabin where the available volume is minimal, can give rise to
gross manifestations of cardiovascular deconditioning, even within the terres-
trial gravitational environment when the subject is free to stand and move in
a limited manner. Weightlessness might be expected to aggravate the decon-
ditioning.

In addition, confinement gives rise to cardiovascular changes characteris-

tic of the response to non-specific stress.

Fluid and Blood Volume and Body Weight.

Loss of blood volume during confinement has already been noted in the
studies reviewed by Lamb et al. 63 (1964a). The basis of some of these
4 (1961) in the SAM two-man

simulator. They observed weight loss together with decreases in total body

observations was the work of Morgan et al.

water, total blood volume, and plasma volume (Table 4). Loss of total body
water, however, was larger than the corresponding loss of weight and was no
doubt contributed to by increased sweat evaporation at altitude. The authors

suggest that the discrepancy between loss of body water and loss of body
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weight might be attributed to a change in body composition towards a greater
proportion of fat. They note that two mechanisms seem to be involved in the
weight loss, since on completion of a 17 day confinement a rapid recovery

of weight ensues, as contrasted with a slow long delayed recovery after 30
days confinement. They suggest that the weight loss occurring with the
shorter period might be primarily associated with dehydration, whereas

in the hongér period the weight loss might be associated with altered cellular
composition. Loss in plasma volume was observed in Gemini IV and Gemini
V, and was accompanied by other evidence of dehydration and reduced water
intake. In Gemini VII, where water intake was maintained, no loss in plasma
volume was observed (NASA 8 1966). How much of this water loss is
actually due to diuresis and how much to loss via other routes is not clear.
Morgan et al. 74 (1961) noted results within the normal range in renal
function studies, and no evidence of hemoconcentration as observed by the
hematocrit and plasma osmolarity. At the same time, a decreased hemato-

63

crit was observed in some of the other studies examined by Lamb et al.
(1964a) and Celentano et al. 14 (1962), while of course, if both cells and fluid
are reduced proportionately; the hematocrit will be unchanged. The kidney,
however, may not be the only source of water loss. The General Electric
Group 33 (1964), conducting water balance studies, found a water imbalance
representing at least 30 cc/man/day (Table 5), provided largely by an in-
crease in water lost via the skin and respiratory system. Considerable

82 (1964). Thus,

while the fluid loss may be initially mediated by diuresis it seems that it

evaporative losses were also observed by Rathert et al.

may be maintained,in addition,by other routes.

A strong trend towards decrease in body weight has been observed in
most studies, and in space flights particularly where conditions were extreme,
but not in all subjects in these studies. How much is due to loss of body water
and how much due to reduced or altered diet is debatable. There is no doubt,
34 (1963), the diet of

300 to 800 calories per man per day must have contributed greatly to the

for example, that in the University of Georgia studies

ensuing loss of weight, while in other studies muscle atrophy associated with

63

disuse is also a factor. Lamb et al. (1964a), in their review, observed a
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relationship between age and body weight response. Of the 25 subjects

examined, 19 had a weight loss despite an adequate available diet. The
remaining six, aged 17 to 21, had no weight change. The explanation of
this finding, is obscure, unless it merely represents a difference attri-

butable to a healthy young appetite.

TABLE 5

Average Water Balance

Normal Test
(Liters/Man/Day) | (Liters/Man/Day)
HZO Turnover 2.5 2.6
I—IZO Urine and Feces 1.65 1.17
HZO Skin a'nd 0.85 1. 46
Respiratory
I—IZO Balance -0- -.03

Source: General Electric (Ref. 33).

Energy Requirements

Consideration of weight loss and diet brings up the question of energy
requirements. Accepting an energy expenditure of about 2000 kilocalories
per day at bed-rest in a thermoneutral environment, it is reasonable to
assume that energy requirements under fairly severe confinement must be
somewhat similar. This is to a certain extent confirmed by Rathert et al. 82
(1964) who calculated, on the basis of oxygen consumption studies, that their
two subjects had mean energy expenditures of 1991 and 1754. 4 kilocalories
per day respectively, and in fact the caloric intake of these subjects on an
ad.lib. diet approximated the requirement. The subjects in this study under-
took a daily exercise program of pushups, running in place, and arm and leg

94

movements. Welch et al. (1961), on the other hand, whose subjects did not
undertake programmed exercise, found in studies in the two-man SAM simulator,
that the dietetic demand was considerably less, averaging 1726 kilocalories

per man per day.
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Thus, it would appear that where confinement is marked, energy require-
ments are considerably reduced, perhaps even below bed-rest requirements;
although the situation is complicated by food acceptability. It would further-
more appear that the dietary demand is less even than the expected require-
ment. A reduced intake in the presence of an ad.lib. diet would suggest
either that confinement has a specific depressant effect on appetite, or that
the dietary demand meets the requirement. In the latter case, any weight
loss that occurs cannot be dietary in origin.

In the larger simulators, where more free space is available, weight
change seems more directly related to food intake. Thus, in the General
Electric study 33 (1964) the available dietary intake was 2800 kilocalories.
The average actual intake was 2550 kilocalories, a figure which includes the
intake of one subject who was deliberately restricting his diet in order to lose
weight., On this diet the other three members maintained a positive weight
balance throughout the 30 day trip. In the Martin Baltimore study (Grodsky
and Bryant, 38 1962), however, dietary intake on flights one and two was
only 1800 kilocalories and average weight loss of 13 lbs. was noted. In flight
three, the diet was further reduced to 1500 kilocalories and resulted in weight

loss varying from 6% to 9 lbs. per man over a 7 day period.

Stress Manifestations.

Physiological manifestations of stress are associated with increases in the
excretion of end products of glucocorticosteroids, increases in catecholamine
production, changes in the skin sweating pattern reflected in altered skin re-
sistance or conductance, and changes in the proportionate distribution of blood
cells. Consideration of the psychological effects of confinement has indicated
that it can be a stressful situation, and physiological studies have shown
significant alterations in the above noted parameters.

Excretion of ketosteroids, as glucocorticosteroid end products, has been
examined by several groups along with the excretion of catecholamines. Ex-
cretion of these substances, however, varies considerably with the individual,
as is well illustrated in the NASA Ames study (Rathert et al. 82 1964) where

the two subjects concerned in this 7 day study were of considerably different
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temperaments. Results are illustrated in Figure 3 which shows a rela-
tively higher pre-confinement excretion of both catecholamines and keto-
steroids in subject R which reduces as he presumably settles into the study
and starts to rise again towards the end of the confinement. Zuckerman 104
(1964), reviewing isolation studies, points out that confinement of two hours
or less does not present measurable biochemical indications of stress.

In their 7 day study, Celentano et al. 14 (1962) found the results in-
dicated in Figure 4 and, as can be seen, both subjects B & C surpassed the
normal range on more than one occasion. On day four, where the excretion
is particularly high, the subjects considered terminating the study. The
authors point out that if the post-confinement levels on day 8 and 9 are
actually the normal levels for the subjects then the results assume even more
significance.

The variation in excretion associated with particularly distressing
episodes was also observed by Hanna 41 (1962) and Tiller and Figur 91
(1959) with respect to catecholamine excretion. Figure 5 shows the effect
on different parameters, including urinary norepinephrine production and
skin conductance, of an emergency occurring on day 5. It also shows the
trend in reduction of the measures before the emergency occurred. This
same trend towards gradual reduction of level was noted in the Russian

studies by Gorbov et al. 37 (1964). In the Martin Baltimore 7 day simula-

tion (Grodsky and Bryant 38 1962; Hatch et al. 45 1964), where no signi-
ficant physiological or psychological impairment was observed, the
ketosteroid excretion showed no changes other than diurnal.

The day to day excretion of norepinephrine and epinephrine in the urine
was measured by Tiller and Figur ke (1959) in the six men confined for 8
days in the Navy simulator. The results are shown in Figure 6, which has
been compiled from the data in their paper. Noting the normal daily excre-
tion of norepinephrine and epinephrine to be in the range of 20 to 40 micro-
grams and 4 to 8 micrograms respectively (von Euler and Lundberg 25 1954)
they observe that only on day 5 did the norepinephrine values exceed normality.

This they relate to the previously noted simulated emergency. By the same

token the epinephrine values were exceeded throughout. According to



PLANTAR ELECTRICAL BKIN CONDUCTANCE (MICROMHOS XIQ3) —~—s-smm
URINARY NOREPINEPHRINE EXCRETION (qG/DAY’)'—'——"“’"

RESPIRATION RATE (CYCLES/MIN)

HEART RATE (BEATS/MIN)

33

454 i9
31
29 40
27

B+ 18

25
23
21

30+

Figure 5. Comparison of mean values for all physiologic indizes.
(Scales have been readjusted for ease of comparison)

Source: Hanna (Ref. 41).

Funkenstein et al. 30 (1954), among others, excessive excretion of nor-
epinephrine-like substance is associated with overt emotion, whereas
excessive excretion of epinephrine is associated with covert anxiety.
The increase in epinephrine excretion observed here would appear to
indicate that confinement per se, on the ground in a simulator, where in
fact there is no danger, is a covert anxiety-inducing situation.

The General Electric group 33 (1964) also plotted catecholamine values
for their subjects. Again it was shown that the norepinephrine excretion
remained within normal values except in the case of one subject immediately
pre-run. On the other hand, epinephrine excretion increased markedly
until the third day, at which point it began to fall off, reaching the normal
range by the end of the first week of the 30 day study. This is no doubt
related to adaptation to the environment.

Skin resistance, or the reciprocal, skin conductance, has been used as
an indicator of stress manifestation, and is popular in psychological studies

(Adams and Chiles 3 1961; Dempsey et al. 22 1956; Gorbov et al. 31 1964;
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Grodsky and Bryant 38 1962; Hanna 41 1962; Hatch et al. > 1964; Mallick

and Ream 69 1963; Weybrew 98 1863), Zuckerman 104 (1964) in his review
has considered the alteration in skin resistance that occurs in subjects under
isolation, and points out that after a few hours isolation a decrease in skin
resistance becomes manifest. In general the change follows the pattern of
norepinephrine excretion, with resistance initially decreasing and conductance
increasing as confinement begins, and returning towards normal, except for
emergency reactions, within 6 to 8 days. This general pattern will be further
examined later in considering the adaptation process. Adams and Chiles
(1961), in addition, commented on the diurnal variation.

Reduction in the eosinophil count may be found in stress situations.
This has not, however, been a feature of confinement studies, although
Faucett and Newman 26 (1953) during confinement of 22 men in 2 submarine
for 60 days observed signficiant drops in the eosinophil count. Other than

the hematocrit changes associated with loss of blood volume, hematological

changes have not been noted,

Central Nervous System

There is little in the way of definitive information on changes in electro-
encephalographic activity resulting from pure confinement. Ruff et al. 83
(1959) describe the use of the EEG in their studies in the WADC five-man
long range mission simulator, but used it primarily as an index of conscious-
ness. Considerable work has been done by the Russians (Gorbov et al. 37
1964) on subjects confined for 10 to 15 days in near isolation from all stimuli.
Using a bipolar EEG with the additional stimulus of a periodically flashing

light, they found a general decrease in the amplitude of signals and the
appearance of slow diffuse rhythms which were altered by the occurrence of

the light stimulus. After the light stimulus, shifts in the level and the period
of the alpha waves were observed which initially lasted for short periods. As
'"fatigue" became more evident with progress of confinement the changes in
alpha rhythm lasted progressively longer, until, towards the end of the confine-
ment period (10 to 15 days), they became sustained. On the second day after

cessation of the test, EEG records showed that when the light stimulus was

stopped, the pre-confinement EEG rhythms were restored. Also, with
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progress of confinement, there was a general slowing of cortical activity,
becoming most marked some 6 to 8 days after the onset of confinement.

A similar slowing of EEG activity was found by Heron (quoted by Zuckerman
Lo4 1963) in six subjects eprsed to four days of isolation. Zubek and his
colleagues 102 (1962) also observed a progressive decrease in alpha fre-
quencies in 15 subjects isolated for two weeks under conditions which
included continuous exposure to unpatterned light through translucent
goggles, and white noise masked by ear muffs. The decrease was accom-
panied by an increase in theta waves from the occipital lobes. The decrease
in alpha frequency lasted more than seven days after cessation of the isolation.
Zuckerman 104 (1964) suggests this retardation might be associated with the
motivational loss of post-isolation subjects.

There is some evidence that decrease in frequency may be related to
both isolation and immobility. The decrease associated with isolation is
noted above. However, it also occurs in severely immobilized subjects
where no attempt is made to produce deliberate perceptual isolation.

Zubek and Wilgosh 103 (1963), in one of the most severe confinement studies
recorded, immobilized 22 subjects individually in a seven foot '""coffin" for
seven days and found, in addition to impaired intellectual performance, a
significant decrease in occipital lobe frequencies. Investigating this situa-
tion from another point of view, Zubek 101 (1963) compared the EEG
response of two groups exposed to the same isolated conditions, with the
exception that one group undertook programmed exercise, and found that

the decrease in frequency that occurred was significantly less with the
exercise group than with the no-exercise group, and furthermore, that a
control group (non-isolated) showed a slight increase in mean frequency.
Thus, while isolation is associated with decrease in EEG activity, it would
appear that decreased activity may also be induced by restricted movement,
and indeed relieved in part by active movement. The significance of these
findings with respect to confinement in space cabins remains to be established,
although the Russians have reported in their Vostok flights an increase in

high frequency components occurring during the first hour, along with per-

sistent dominant beta frequencies which were maintained for two days. The
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low frequency components remained at a minimum. These findings, however,

probably reflect the result of combined stress rather than confinement per se.

Biochemical Studies

Besides estimations of ketosteroids and catecholamines which have been

previously discussed, other aspects of biochemistry have been examined
(Celentano et al. L4 1962; Dempsey et al. ¢z 1956; General Electric 33 1964;
Hendler and Mancinelli 50 1958; Lamb et al. 63 1964a; Morgan et al. 74
1961; Rathert et al. 82 1964). These have included urinalysis,measurements
of urine and serum electrolytes (sodium, potassium, calcium), fecal calcium,
blood urea nitrogen, blood and urine creatine, nitrogen balance, blood lipids,
blood proteins, and protein bound iodine. While the majority of measures
showed no significant or characteristic change, particular attention is to be
directed to one subject in the NASA Ames study (Rathert et al. 82 1964) in
whom a negative calcium balance was found after 7 days of close confinement.
This did not occur in the other subject in the study, nor has it been observed
in other space cabin confinement studies, although it is a well-recognized
accompaniment of prolonged immobilization. Changes in bone densitometry
of the os calcis and a digit, regarded as indicating decalcification, have been
found in the astronauts of Gemini IV, V, and VII, in comparison of films taken
pre- and post-flight (NASA 8 1966). These changes, of course, will also be
influenced by the associated exposure to weightlessness.

Nitrogen balance studies ((ﬁ , General Electric 33 1964) indicate that
despite the intake of an adequate diet (2800 kilocalories, 15% dryweight of
protein) and maintenance of weight, there is a trend towards negative
balance indicative of tissue protein breakdown. Figure 7 indicates the
cumulative nitrogen balance over a 30 day confinement period and shows
that while one subject maintained a positive balance the other three de-
clined. The data include one subject (the lowest curve) who was on a self-

imposed obesity diet.

67



GRAMS

54 |
60 e
66 |- TR
nl_l__L._L._.l._ILllillllliJlllIlllllllllg
| 2 3 4 5 66 7 8 9 (01l 12 13 14 i5 16 17 18 19 20 21 22 2324 25 26 27 28 29 30
OAY

Figure 7. Cumulative Nitrogen Balance
Source: General Electric (Ref. 33).

In lipid studies (Lamb et al. 63

1964a), an interesting association
developed relating the age of the subject, weight change, and serum
cholesterol level in subjects in the SAM simulator. In all four subjects
with a post-confinement increase in serum cholesterol the subjects were

19 years of age or less, and demonstrated a weight gain during their 30
day confinement. In 10 subjects with weight loss, who also had cholesterol
estimations, nine demonstrated a decrease in serum cholesterol level.
How much this represents a difference in dietary intake associated with age

is debatable.
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Respiratory Studies

Respiratory studies have been undertaken by several groups, although
largely with the intent of determining the response to the abnormal atmos-
pheres commonly used in simulators rather than to confinement per se.

It is difficult in consequence to define any changes that are due to con-
finement alone. Respiration rate, however, tends to remain largely within
normal limits, although Hanna 41 (1962) observed a trend in the 7-day
Navy studies, which were conducted at sea level with an oxygen regeneration
system, towards a drop in rate with the first few days. (See Figure 5,
page 63). This was also noted in Adams and Chiles 3 (1961) in their studies
of work-rest cycles and by Liebedinskiy et al. 65 (1964) in the Russian -studies.
This finding, however, is not confirmed where the atmosphere is other than
sea level equivalent. For example, in the SAM one-man studies (Steinkamp
et al. 88 1959) at 18, 000 feet simulated altitude with an oxygen partial
pressure of 159 mm Hg, respiration rates were maintained fairly steadily
throughout the 7-day exposures. Diurnal variations in respiratory rate
have also been observed (Adams and Chiles 3 1961).

Pulmonary function studies, again undertaken in connection with cabin
atmospheres during confinement experiments, show a slight decrease in
vital capacity (Morgan et al. 4 1961). This is most marked during the
first few days (General Electric 33 1964). An increase in maximum breath-
™ 1964)
directly related to altitude. The MBC at 33, 000 feet (100% OZ)Was consider -

ing capacity(MBC) was observed in the SAM studies (Morgan et al.

ably greater than that at 18, 000 feet. This perhaps explains why in the G. E.
studies 33 (1964) conducted at 18, 000 feet no obvious change was observed
in the M<BC, since increase in MBC is no doubt reiated to reduced air
density and friction. Other unexplainable contradictions exist, however,

in that the timed vital capacity in the SAM studies was increased at alti-
tude whereas in the G. E. studies it was reduced. Increase in tidal volume
with altitude was also noted in the SAM studies. Pulmonary function studies
conducted by the Douglas group (Havens 47 1965) in a 50/50 oxygen/nitrogen

atmosphere were unremarkable.
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From the somewhat meager data, then, it would appear that under
conditions of confinement, exclusive of the effects of altitude, there is a
trend towards reduction in respiratory rate, and no doubt in respiratory
function, although the latter has not been definitely demonstrated in sea

level confinement. Respiratary function also shows diurnal variations.

Adaptation to Confinement

From consideration of the physiological and psychological findings,
the question arises as to whether adaptation to confinement takes place.
It would appear that if the confinement is sufficiently severe there 1s an
initial stress reaction, manifested by findings such as raised heart rate,
respiration rate, systolic blood pressure, excretion of 17-ketosteroids
and catecholamines, reduced skin resistance, etc., which last for a few
days, before beginning a progressive reduction which leads inter alia to
cardiovascular deconditioning and general physiological '""deactivation."
This progress may be disturbed by stressful episodes. The Russians,
who have maintained subjects in confinement for up to 120 days (Lebedinskiy
et al. 65 1964) have examined this process of adaptation. During 60 day
tests they observed over the first 10 to 15 days changes "....which en the
whole could be characterized as the initial reaction to the change in life
conditions. This reaction is related to the process of adaptation of the
organism to a new functional level, which corresponds to a certain extent
to the new conditions. Towards the end of this period, there occurs a
change in the regulatory mechanisms of the functions of blood circulation
and respiration..!" These changes have been document ed in the respective
sections.

Liebedinskiy et al. 65 (1964) go on to argue that these and other changes
represent an alteration in the "habitual sterotype'' ----a resetting of the
threshold---most probably as a result of a change in functional activity
of the CNS, as manifested by development of an inhibiting process in the
cerebral cortex (decrease of light sensitivity on EEG, slowing of EEG
activity, etc.,), which, at least in isolation situations, is associated with

a reduction in the totality of stimulation. Thus, after the initial stress re-

action, there is a normalization or even reduction of many functions,
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accompanied by a more ready fatiguability. If the unfavorable environment
should continue, the new "habitual sterotype' level eventually becomes in-
adequate and towards the end of 60 days further symptoms become manifest.
Lebedinskiy terms these symptoms "asthenization' and characterizes them
as reduced working capacity, enhanced fatiguability, change in sleep functian,
weakening of immunal activity, reduction of the functional potential of the
cardiovascular system (?severe deconditioning), decrease in work efficiency
and "very specific changes in the dynamics of cortical processes.!" This is
rather akin to the pattern described by Ruff et al. 83 (1959).

In addition, on cessation of prolonged confinement and transition to
normal life there is an '""emergence reaction' characterized by deepening
of the asthenia, which may last for as long as two months after a 60 day test.
Lebedinskiy states: ''The mechanism of creation of the emergence reaction
apparently consists of the fact that as a result of prolonged human confine-
ment in the chamber, there is formed a type of stable and fixed stereotype
whose breakdown and replacement takes place with more difficulty than
does the adaptation to the conditions created in the sealed chamber because
the adaptive capacities of the organism themselves have been weakened by
the prolonged influence of unfavorable factors in the course of the tests."

The Russian studies, however, showed further that if there is a gradual
transition into confinement, and if the confined environment is made to
resemble the exterior environment as much as possible by improvement in
physical conditions, reduction of monotony, exercise, varied diet, etc.,
carried through into the emergence period, then the less pronounced will
be the ultimate reaction. This responsehas been shown in experiments
involving confinement of 120 days duration.

In an extension of his studies in armored personnel carriers, another
aspect of adaptation to confinement has been demonstrated by Hicks >8 (1964).
He examined post-confinement, the effects of repeatedly confining a single
group of subjects for a 12 hour period on each of five successive days,
measuring the effects on equilibrium, stamina, gross motor coordination,
and marksmanship. As compared with pre-confinement control measures,

statistical ly significant losses occurred in all areas after the initial con-
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finement period. Subsequent confinements showed progressively smaller
decrements until by the end of the 5th day of exposure the subjects per-
formed at the pre-confinement level. The implications with respect to
training are obvious.

Thus, if these interpretations are accepted, there is a limited adapta-
tion to confinement, after the initial stress reaction, which takes place
within 5 to 15 days of onset and is achieved by formation of a new habitual
stereotype. This latter, however, is unstable, and if the environmental
conditions are maintained it will disintegrate and lead to the development
of a deepening asthenia which is more stable and will persist for a pro-
longed period after confinement. The extent and depth of the asthenia can
be minimized by gradual transition to full confinement and reduction of its
austerity.

Although biochemical evidence is lacking for long duration exposure, the
picture shows certain parallels to the pattern of the General Adaptation
Syndrome described by Selye 86 (1950). The General Adaptation Syndrome
is characterized by a preliminary Alarm Reaction manifested initially by
'shock, ' and rapidly followed by ''countershock, ' which imperceptibly
merges into a Stage of Resistance, in which there is an increased resistance
to the particular stressor agent or agents involved and decreased resistance
to others. Resistance, however, cannot be maintained indefinitely and a
Stage of Exhaustion develops in which the resistance wears out.

The Stage of Exhaustion is characterized by changes in hormonal
pattern, changes in the structure of body organs, and, according to Selye,
a tendency towards the development of various disorders such as gastric
ulcers, hypertension, etc., which arise from maladaptation. The nature
of the resuliing disorders depends upon conditioning of the so-called
target organ by outside factors such as heredity, diet, previous exposure,
or the specific actions, as opposed to the non-specific, of the stress itself.

While there is controversy over Selye's interpretations, particularly
with relationship to the development of clinical syndromes, the possibility

of their occurrence in prolonged confinement must be borne in mind.
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TOLERANCE OF CONFINEMENT

In the previous sections the psychological and physiological response to
confinement have been examined. The nature and extent of these responses
determines the tolerance of confinement. Tolerance in this context repre-
sents not only the ability of an individual to bear the subjective discomforts,
but is an estimate of the extent to which his function is disturbed. Emphasis
is placed on the degree of impairment which will not interfere with satisfactory
completion of his task.

Excluding three or four studies in which perceptual isolation in darkness
and reduced noise was a primary feature, Table 6 selects pertinent details
from the reports outlined in Table 1, and to each of these studies applies
an estimate of the degree of psychological and physiological impairment
demonstrated by the subject or subjects participating, as indicated by
examination or test before, during, and after the confinement. The extent
of impairment is estimated on the basis of a three point scale:

1. No impairment
2. Detectable impairment
3. Marked impairment

The factors evaluated in estimating the degree of impairment include the
reported level of performance of intellectual, perceptual, manual, and co-
ordinated tasks, the response to psychological testing, the subjective comments
of the participants, the nature and extent of physiological change, the nature
and extent of behavioral change and the nature and extent of somatic complaints.
The occurrence of post-confinement reactions, for example, from cardio-
vascular deconditioning is included in the evaluation. Marked impairment is
considered to be that which gives rise to manifest psychophysiological change
during or after the confinement, or that which could prejudice the safety or
successful outcome of a mission. Detectable impairment is considered to
occur in a situation which is tolerable, but is accompanied by measurable
evidence of disturbance which could reduce proficiency. The classification
of no impairment includes those situations where some disturbance of homeo-

stasis or comfort may exist, without interference with proficiéncy.
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TABLE 6

Extent of impairment resulting from confinement

Type of Study Ogera‘fif)nal Volume per Duration Impairment.
onditions Man (cu. ft.) (days) Psych | Physio

Simulator SAM one-man 47 7 3 2

Single SAM one-man 47 11/2 2 1

Vostok one-man 90 71 1 1

Simulator Lockheed-Georgia 183 - 250 15 2 2
Multi OPN-360

Lockheed-Georgia 187 15 2 2
HOPE-II

HOPE-III 110 30 2 2

HOPE-IV & V 110 12 2 2

HOPE-VI & VII 187 12 2 2

Navy ACEL 75 7 2 2

Navy ACEL 75 8 2 2

N.A.A. conical 67 7 2 2

N.A.A. cylindrical 375 7 1 1

N. A. A, disc 800 4 1 1

SAM Z-man 106 14 2 2

SAM Z-man 106 17 2 2

“"Continucd on next page
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TABLE 6 {(Continucd)

Extent of impairment resulting from confinement

Type of Study Ogera?ifmal Volume per Duration Impairment.
onditions Man (cu. ft.) (days) Psych | Physio
Simulator SAM 2-man 106 30 2 2
Multi R epublic 211 14 1 1
Douglas 250 30 1 1
GE 215 30 1 1
Martin Baltimore 133 3 1 1
Martin Baltimore 133 7 1 1
NASA Ames 61.5 7 2 2
WADC long range 140 5 2 2
Confined U. of Maryland 1368 152 3 3
Chamber U. of Georgia 65 3 2 2
Single U. of Georgia 52 3 3 2
U. of Georgia 52 4 3 2
U. of Georgia 52 14 3 2
U. of Georgia 39 7 3 2
USNRDL 117 14 2 2
USNRDL 117 2 2
Lockheed Georgia 125 4 1 1

Continued on next page.
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TABLE 6

(Continued)

Extent of impairment resulting from confinement

Stud Operational Volume per Duration Impairment
Type of Study Conditions Man (cu. ft.) (days) Psych | Physio
Confined "Coffin" 28 7 3 3
Chamber
Single
Cockpit F-84 <30 21/3 2 2
WADD capsule 27.5 2 2 1
Vehicle APC M59 30 1/6 1 1
APC M113 23.3 1/3 2 2
APC M113 28 1/2 2 2
APC M113 25.5 1 3 ?
APC M113 25.5 1 3 3
Submarine Nautilus 1600 11 1 1
Seawolf 570 60 1 1
Nautilus 570 4 1 1
Triton 570 83 1 1
Chair SAM <25 4 1 3




TABLE 6 (Continued)

Extent of impairment resulting from confinement

LL

Type of Study Oé)irzFipnal 'I\\/'/Iolur{le pfir) Du(l;iatlor)ls Impairment
nditions an (cu. ft. ays Psych| Physio
Bed Lankerau <25 45 1 3
SAM <25 28 1 3
SAM <25 14 1 3
Spacecraft MA-6 47 1/3 1 1
MA-7, 8 47 1/2 1 2
MA-9 47 11/2 1 2
Vostok I 90 1/2 1 1
Vostok II 90 >1 day 1 2
Gemini II1 40 1/5day 1 1
Gemini IV 40 4 days 1 2
Gemini V 40 8 days 1 2
Gemini VI 40 1 day 1 1
Gemini VII 40 14 days 1 2




It is appreciated that a rating scale of this nature is open to criticism
as a subjective classification. However, it is considered that the distinctions
between grades are sufficiently obvious as to permit assignments that will
meet with minimum argument. Because of the wide variety of experience
examined, with many intruding variables,it is considered inadvisable to use
a more quantitative scale.

It will be noted that this Table does not include studies of "sensory de-
privation, ' perceptual isolation, or confinement studies where elements
of perceptual isolation were more than mildly incidental. Hence it does
not include water immersion studies, studies in darkened and acoustically
insulated rooms, studies where unpatterned light and white noise distorted
the environmental input, etc.. The reports selected are those in which
confinement was paramount over perceptual isolation, although inevitably
some of the one- or even two-man studies contained perceptual isolation
factors.

Where several experiments have been carried out for the same duration
with different or the same subjects within the same device, for example, the
SAM one-man space cabin, the impairment ratings represent the general
response in the entire group of experiments. Where factors have been
changed, such as a different number of subjects and consequently a smaller
available volume, or a different duration, the experiments are rated
separately. Variations in environmental conditions, such as differing alti-
tudes, differenttemperature and humidity levels, are not specifically
accounted for in the Table. Those situations in which these factors may
have a bearing are discussed later in connection with establishing tolerance
levels.

In a few cases, particularly in some of the Russian work, sufficient
detail is not available to allow inclusion of the data in the Table. It
should also be noted that some of the volume data are calculations which
do not necessarily take full account of obstructed free space, although this
is allowed for wherever possible.

The data from this Table have been extracted and are plotted in Figure

8 which illustrates the degree of impairment found when confined within a
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given volume for a given duration. The abscissa is in terms of duration,
the ordinate in terms of volume per man; extent of impairment is indicated
by one of three symbols, while the nature of the device within which the
confinement takes place is noted by a number within the symbol. A log-log
scale is used for convenience only.

It will be noted that all the experiments in which impairment has been
classified as none lie above the upper line with the exception of one, the
Gemini VI-A; the majority of those graded as ''detectable impairment' lie
between the upper and lower line; and the majority of those considered '"marked"
impairment lie on or below the lower line. The exceptions will be discussed.

Thus, although the data are meager, and perhaps the position of the
lines could be in dispute, three zones of impairment can be defined in terms
of duration of confinement and available volume per man. These are indi-
cated in the figure. The rationale for the slopes of the curves will be dis -
cussed later.

Certain exceptions have been referred to. Notable among these are some
of the "HOPE'" studies, which, although classified as giving rise to moderate
impairment, will be observed to lie in the no impairment zone. It will be
remembered that the primary aim of the "HOPE" studies was investigation of
the effects of different work-rest schedules, including in some cases pro-
longed periods of work in confinement without sleep. It is considered that
the effects of severe work-rest schedules contributed towards the final
impairment and had this not been the case, no significant impairment would
have been observed. Located among the group of "HOPE'" studies is

Helvey's Republic study 49

(1962) in which slight impairment was observed
probably attributable to oxygen toxicity.

One other study lies in the no impairment zone although severe impair -
ment was encountered. This is the University of Maryland programmed
environment study (Findley et al. 27 1963) previously discussed. Since the
circumstances in this case were far from simple confinement,it is considered
that this finding does not affect the validity of the zoning.

In the moderate impairment zone, two studies may be noted in which

severe impairment was found. These refer to some of the University of
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34 (1962). In these, environmental

Georgia shelter confinement studies
factors other than confinement were probably of significance equal to or
even greater than the confinement itself. These factors included extremes
of discomfort, temperature, humidity, diet, and living conditions, which
apparently produced considerably more disturbance in subjects and aroused
more unfavorable comment than did the severely reduced space.

Particular attention must be directed to the Gemini series of missions,
which despite some evidence of impairment, have clearly shown man's
ability to perform successfully in space under restrictive conditions that can
only be classed as extreme. Special reference must be made to the Gemini
VII, l4-day mission, in which, as can be seen from Figure 8, only Udetectable"
impairment was registered, although the combination of 40 cubic feet per man
for a l4-day duration, would by rights place it in the “marked impairment"
zone. Since the astronauts successfully completed their mission with re-
latively little problem and recovered their baseline physiological state within
a day or two post-flight, the impairment cannot be considered sufficient to
prejudice the safety or successful outcome of the mission. At the same time
considerable impairment was demonstrated, despite enthusiastic reports
of the mission. This was most evident in the tilt-table response post-flight,
where for example one astronaut had a syncopal response at 11 minutes of the
programmed 15 minute tilt, and where baseline values did not return until
50 hours post-flight. It was also observed in loss of work tolerance, loss of
blood cell mass, electrolyte changes, increase in white blood cells, and
some loss of calcium. Thus, while weightlessness no doubt relieved some
of the problems, one might well speculate that it was largely the state of
_fitness, dedication, and experience of the astronauts that influenced the
final outcome. The duration and extent of the restriction could not normally

be considered acceptable.

Factors Modifying Tolerance

Discussion of these exceptions draws attention to the fact that there are
various factors other than the volume and duration of confinement which

modify the tolerance. In a study involving more than 100 separate confine-
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ment episodes, Ruff, Levy and Thaler 83 (

1959) isolated a group of factors
which were of considerable significance inmodifying tolerance of confinement.
The first category was related to the circumstances surrounding the confine-
ment and the second to factors within the subject, such as personality type,
motivation, educational and experimental background. The third category
was concerned with the sensory input, quantity, modality and pattern, while
the fourth related to the extent of enclosure or restraint. The degree of
intercommunication was a fifth factor, while the extent of “"aloneness"
provided a sixth factor. Four aspects of time duration occupied a seventh
category, namely, duration of isolation, degree of subjects control over
duration, subject's knowledge of expected duration and the presence or
absence of methods to measure time. The final category observed was

the extent to which the subject was permitted or expected to undertake
activities, and the nature of these activities. Some of these factors have
already been examined in the course of discussion and some demand closer
attention.

Motivation and experience: Of the personal variables which influence

the response to confinement, there is little doubt that motivation, backed by
experience, is one of the most significant factors in maintaining tolerance
of confinement. Nearly all investigators engaged in space cabin confinement
studies have commented on the importance of motivation in maintaining a high
level of performance under adverse conditions. At the same time there has
been little in the way of deliberate study of motivation. Comments have been
largely the result of incidental observations. A case in point arises in the
"OPN-360 study" (Adams and Chiles 3 1961). In this study, where crews of
similar experience were confined for 15 days on a 4:2 work schedule, one
crew was a true volunteer crew whereas, by chance, the other crew had
been recalled from leave to participate in the experiment. Despite the fact
that each crew had similar treatment, between-group differences in levels
and trends of performance occurred, which would appear to be related to the
difference in motivation.

Similarly, in the SAM one-man simulator (Steinkamp et al. 88 1959;

46 . .
Hauty 1964) the mos t severe reactions were with relatively untrained and
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doubtfully motivated subjects. Where the subjects were pilots with appropriate
background and experience the disturbance was much less. Adverse reactions
could still occur, but with motivation and experience the subjects could adjust
to them and maintain reasonable performance. Even the hostility engendered
by the environment may act to maintain motivation. Gerathewohl 35 (1959)
describes one subject in the one-man simulator who in effect was determined
to demonstrate he would not be beaten, and also two subjects in the two-man
capsule, who despite the adverse conditions, lack of appetite, excessive
sweating, insomnia, irritability, and loss of weight, virtuallyentered into
a competition in their respective performance tasks.

In another type of study, not directly related to motivation but providing
indirect confirmation, Peters et al. 81 (1963) examined the unusual hypoth-
esis that undue sensitivity to pain would correlate with ability to endure

“"sensory deprivation."

Various standard pain tests were given to subjects
who were then exposed to confinement in conditions of low level white noise
and unpatterned light for as long as they could endure it. In point of fact,
the hypothesis was not proved and, indeed, the opposite, and the intuitively
more reasonable, finding was shown, namely, that a correlation existed
between ability to endure pain and ability to endure confinement.

As Levy et al. 66 (1959) point out, there is no doubt that the response to
isolation varies with individuals. Schizoid subjects find it particularly stress-
ful; passive-dependent individuals seldom find short periods stressful although
they will complain of boredom and physical discomfort. Compulsive subjects
expend great effort attempting to structure the situation around tangible bits
of reality. To the strongly motivated subject, however, and this is repeated-
ly emphasized, it is another task that has to be done and will be mastered,

if at all possible, with the minimum disruption.

The Ambient Environment: The nature of the environment within the

confined chamber can significantly effect the response of the confinee, as has
already been mentioned in respect of the extent of perceptual and social
isolation to which a subject is exposed. At the same time, atmospheric
pressure, and gaseous composition will alter respiratory physiologic re-

74 .
sponse (Morgan et al. 1961), while the occurrence of unexpected toxic
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contamination was sufficient to cause abortion of a Boeing study (Lowry

and Konecci 67 1963) and has caused alarm during a recent study conducted
by the Douglas Aircraft Company (Havens 47 1965). The effects of excessive
humidity, temperature, and the absence of creature comforts, contributed
markedly towards the severity of subjective response in the Univer sity of
Georgia studies 34 (1963), amounting in one of them almost to frank heat
prostration.

The environment, however, need not be reduced in stimulus content,
physically uncomfortable, nor physiologically stressful to produce a deleterious
response, as was clearly shown, although with only one subject, in the pro-
grammed environment study (Findley et al. et 1963). Inthis situation,despite
adequate space, mobility, comfort, and recreation, the sheer rigidity of
circumstances and inevitability of predicted action was such as to produce

manifest psychological disturbance and eventual defection of the subject.

Activities and Tasks During Confinement: Regardless of the environ-

ment, there is little doubt that the requirement to undertake certain activities
and tasks, and the nature of those that have to be undertaken, influence the
resulting response of the subject or subjects. Perceptual isolation studies
have clearly shown what happens under conditions of reduced stimulus and
inactivity. Task performance and activity, however, have to be meaning-
ful before any favorable influence can be observed, and perhaps even some-
what demanding. Hawkins and Hauty 48 (1959) in discussing the response of
subjects in the SAM simulators, where some of the tasks were rather
artificial, noted that the work problems became boring, and when fatigued

( or bored) the subjects found it difficult to keep from dozing. Similarly,

the subjects in the NASA Ames study (Rathert et al. 82 1964) commented on
the "puerility'' of at least one of the tasks and agreed on the '"enjoyability' of
3% (1962) made

a point of using in their study dynamic performance tasks corresponding to

a relatively complex navigational task. Grodsky and Bryant

different phases of flight control, and employed realistic displays of system
and navigation information , and realistic control functions. They attribute
much of the satisfactory performance of their subjects to this concept. In

L, 4 .
contrast, Hanna and Gaito 3 (1960) attribute poor performance in some of
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their tasks in the Navy simulator to the fact that the requirements were too
simple and monotonous to maintain the interest. The significance of these
comments on the design of tasks for actual spacecraft is obvious.
Christensen 17 (1963) emphasized this point and notes that although the
crew will be highly motivated and will have had previous experience in
difficult and even hazardous tasks, elements of boredom will still occur,
perhaps because of thorough knowledge of the various tasks. He states,
"The real challenge will be to design a system that will require and will
use the crew members in essential jobs that are challenging enough to
prevent monotony and Boredom, yet sufficiently below their maximum level
of capability to allow for possible performance deterioration or for emer -
gencies..... Jobs should be designed so that the majority of a man's waking
hours, other than the time required for personal necessities and short rest
periods, is filled. But the jobs must not entail the performance of sham tasks
that are included simply to keep the crew busy. This would be degrading and

repulsive to the type of men who will participate in the mission. "

Knowledge of Duration: The influence on a subject of the knowledge of

duration of his confinement has been briefly referred to. Characteristi-
cally, a spurt in performance andarise in "physiological activation' occurs
towards the last day of confinement, while there is also a characteristic rise
in morale at the mid-point of a known confinement period (Alluisi et al. > 1963).
In their analysis of psychological effects, Levy et al. 66 (1959) point out firstly,
although not entirely accurately, that the longer the isolation lasts the more
stressful it becomes, and, secondly, if a subject knows the planned duration of
an experiment in advance the isolation is easier to tolerate.

The effect of knowledge of duration is even more dramatically observed

©5 (1964) describing the Russian

in physiological findings. Lebedinskiy et al.
studies notes that EEG changes during experiments of a known 10-day duration
were considerably more pronounced than during the first 10-days of a two-
month experiment, while during the first month of a four month experiment
the EEG of the subjects was more stable than it had been in the pre-confine-

ment studies. It is doubtful, however, whether useful advantage can be taken
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of this factor in operational conditions, although Alluisi et al. 5 (1963) in a
30-day study allowed their subjects to believe the duration of confinement
would actually be 40 days.

Exercise and Physical Fitness: There is little doubt that reduced

physical exercise necessitated by close confinement is a significant factor
contributing to the cardiovascular deconditioning that can occur (Lamb et al.
63 1964a). It is not clear, however, how well an active program of physical
exercise will prevent deconditioning, and how much exercise of what type 1is
required under conditions of space cabin confinement. As illustrations,
subjects in the SAM simulators had no organized exercise while in close
confinement and developed fairly marked cardiovascular deconditioning

(Lamb et al. 63 1964a); subjects in the NASA Ames study, slightly less
confined, undertook mild physical exercise of the push-up variety, and showed
...."physiological deterioration of the same kind as that to be expected from
a week's confinernent to bed, but less extensive.!" In the Martin Baltimore

study reported by Mallick and Ream 69

(1963) where the confinement was still
less severe, the subjects underwent a preconditioning program involving
swimming, tumbling, running, weight lifting and calisthenics, and continued
during the seven day trip with a five minute exercise period for the first half
of the mission (i.e., eight times per day) and then every alternate off-duty
period. They showed no manifestations of cardiovascular deconditioning nor
of back pain or leg weakness that had been encountered on previous simulations
without exercise. Thus, while the increase in available volume, and conse-
quently greater freedom of movement, is no doubt a factor in reduction of
deconditioning, it is probable that specific exercise also assists, although the
amount and type have yet to be determined.

Regardless of its efficacy as a prophylactic measure, exercise certainly
seems advantageous in the maintenance of morale. Those subjects who have
participated in exercise programs have commented favorably on them. In
addition, there is good indication that organized exercise improves perform-
ance in other respects. There seems to be only one study embracing this
subject and unfortunately from the confinement point of view, it involved a

large, deliberate, element of perceptual isolation. In this study, Zubek Lol

86



(1963) undertook an experiment in which he confined, individually, 27 subjects
for 7 days in a 450 cubic foot chamber, wearing translucent goggles, and

ear -muffs through which constant white noise was presented. No restrictions
were placed on activity, and in addition six 5 minute periods of exercise
were introduced at irregular intervals each day. In comparison with another
similar group who were confined without exercise, the exercise group showed
impairment in only three out of 15 psychological tests, as opposed to 10 out
of 15 among the non-exercise group. The tests embraced such things as
arithmetic problems, numerical reasoning, abstract reasoning, verbal
fluency, verbal reasoning, space visualization, digit span, rote learning,
recall, recognition, cancellation, and dexterity, along with some perceptual
motor tests. In addition, fewer hallucinatory phenomena and less distur-

bance of the EEG were observed among the exercise group.

Number of Confinees: One further question arises with respect to tol-

erance, and that is related to the number of subjects or crew members con-
fined at the same time. It has already been pointed out that two individuals
confined together are less likely to experience perceptual aberrations than
one confined alone, and that with three or more, perceptual aberrations
rarely, if ever, occur. In addition, with good leadership, social contact with
other confinees in a small group can reinforce morale. As an interesting
sidelight, however, in this regard, Davis et al. 21 (1961) report that when
married couples were confined in separate respirator tanks within conversing
distance they supported each other in their desire to quit, whereas strangers
tended to compete with each other. The significance is debatable!

In larger groups, the adverse possibilities of developing cliques exist.

Law 62

(1960), writing about problems in antarctic isolated communities,

(and the same could apply to large spacecraft), recognized two types of cliques,
the first made up of persons doing the same job, having the same personal
interests, or ties, and the second made up of malcontents or those with person-
ality problems who were forced to seek companionship with each other.

Wevybrew 98

(1963) has observed somewhat similar findings in submarine crews.
There is little doubt that the key to prevention of such situations lies in care-

ful selection of subjects or crew, and wise leadership. In fact, Law states
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categorically; ''Leadership is the most important factor in unit morale and
effectiveness.!" Although this is not the place to discuss astronaut selection
and crew leadership, it is interesting to reflect that the nature of the astro-
naut selection program is such as to choose individuals with strong leadership
qualities. While this is necessary for one-man and perhaps even two-man
crews, it is possible that use of these same criteria could give rise to
problems in multi-man crews.

In delineating recommended minimum volumes, another point has to
be borne in mind. This concerns the number of subjects utilizing the avail-
able space and the mobility of those subjects within it. The majority of
studies examined, and particularly those approaching the acceptable thres-
holds outlined, have involved crews of 3 or 4 men, and the space per man in
these studies has been calculated by a simple process of division. Thus, in
these circumstances, each man has had a certain minimum space plus an
overlapping use of space not being occupied by his fellow-crew members,
provided he is free to move. Consequently, when an experiment shows that
for a certain multi-man crew (e.g., 3 or 4) a certain volume of space per
man provides tolerable conditions for a given duration this does not necessarily
mean that the same volume of space per man will be adequate for a one-man
crew for the same duration. Intuitively, it would seem probable that a smaller
crew would require relatively more space per man, and a larger crew would
required relatively less. Unfortunately data are not available to verify this
hypothesis since no comparative studies have been carried out and the avail-

able data do not lend themselves to the necessary analysis.

In summation of the factors modifying tolerance it must be noted that,
while confinement, and particularly, close confinement, is a stress in it-
self, it is a stress which can be modified favorably or unfavorably by
factors inherent within the confinement, such as restriction, immobility,
and perceptual isolation, and by factors extraneous to it, such as those
discussed above. Thus, the response to operational confinement cannot be
considered strictly by itself; it must be examined in the light of the circum-
stances under which it takes place and allowance made for the modifying effect

of additional factors.
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VOLUME REQUIREMENTS FOR SPACECRAFT

Discussion of tolerance of confinement leads to consideration of the
minimum acceptable volume requirements per man for spacecraft. Until
recently, the free volume per man in operational spacecraft has been to
some extent dictated by the volume left over after the necessary operational
systems and supporting hardware have been installed. While this is perhaps
adequate, or nearly so, for exposures of a day or so, it most certainly will
not be for longer duration missions.

Determination of acceptable minimum volumes, however, is not a subject
that is distinct to spacecraft. World navies, mercantile and fighting, have
prescribed minima for officers and men; public health authorities have re-
commended maximum occupancies of rooms, hospital wards, etc.; military
commands have detailed the minimum permissible space per man in barracks;
and the organizers of protracted Antarctic sojourns have laid down their
requirements.

Table 7, from the work of Celentano et al. 13 (

1963), details the gross
living area requirements provided by various authorities for their personnel.
These data, however, are useful only as illustrations, since the situations

to which they pertain are not comparable to those of spacecraft. Obviously,

it would be ideal to provide sufficient free space that no problems related

to confinement could arise. Equally obviously, because of constraints imposed
by the available thrust,limited weight and volume of the total spacecraft, this
is not practicable, and recommendations must be based on providing the
minimum free volume compatible with maintenance of adequate performance,
functional physiological integrity, and tolerable habitability.

Returning to Figure 8, it may be seen that the upper line provides a
threshold of minimum acceptable volume. In other words, all points above
that line may be considered acceptable. The lower line provides a threshold
of unacceptable volume, that is, all points below the line are unacceptable.

In between is an area of doubtful acceptability where impairment tends to
increase with reduction in volume and increased duration of exposure. It will
be noted that the lines are deliberately presented as wide bands to indicate that

there is no hard and fast line of demarcation.
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Table 7. Comparison of Gross Living Area Requirements

Organization Gross Square Feet per Man
IGY polar expedition 100
Royal Navy 19 Seamen
40 Petty officers
60 Officers
U. S. federal prisons 48 Regular
70 Honor
U. S. Maritime Service 16 to 30 Seamen
20 to 30 Rated seamen
U. S. Navy
Barracks 50
Vessels 20 Seamen
90 to 130 Officers
Space System - Minimum
habitable recommendation 90 ,.

Source: Celentano et al. (Ref. 13).

From the figure it will be observed that, with confinements from a
few hours to about one week, to provide acceptable conditions there is a
linear increase in the volume requirement per man from about 25 cubic
feet to about 125 cubic feet. Thereafter, from 7 to 30 days, there is a
much slower and perhaps insignificant increase from 125 cubic feet to
about 150 cubic feet. It is emphasized that these numbers are approximate
and are applicable only to situations in which habitability of the confined
volume and general working conditions have been maximized. Some of the
"HOPE" studies, for example, which lie outside this boundary, indicate as
has been noted, that adverse working conditions reduce the acceptability
even when the available volume is apparently adeguate.

Beyond 30 days of confinement the data are too meager, to permit any
extrapolation. The Russian work, as noted (Lebedinskiy et al. 65 1964),

suggests that the slope of the acceptable threshold curve remains unchanged
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until at least 60 days before further significant impairment occurs, but
the conditions under which this work was carried out, and in particular,
the free volume available are not clear. It may be that after 60 days the
curve tends to sweep up again. There is no doubt, however, as has been
demonstrated in submarines (Weybrew, 98 1963), that confinement for
80 days or more with an available volume of 600 cubic feet is tolerable

with little disturbance.

At the opposite end of the scale, it is a little difficult to establish the
threshold between acceptability and impairment for durations of a few hours.
It is very probable there is no significant impairment during confinement
for an hour or two within any volume larger than body volume, provided
there is adequate ventilation. From the point of view of spacecraft design,
however, the question is somewhat academic, since missions of less than
one day are no longer expected. For a duration of one day it would seem that
the acceptability threshold is about 50 to 55 cubic feet, and in practice this
has been to some extent confirmed by the Mercury missions (47 cubic feet),
in which there was a little impairment which perhaps would not have

occurred had the spacecraft been slightly larger.

Below one day duration, the threshold of unacceptability probably
slopes back from about 25 cubic feet to meet the threshold of acceptability
at about the level of body volume, but confirmatory data are not available.
Between 1 and 13 days, there appears to be a lower cut-off at about 25
cubic feet. Thereafter there isa progressive rise in threshold with time
to at least 15 days where the threshold would seem to be about 60 cubic feet.
From there on, data are unavailable, but there is no reason to doubt that the
threshold continues to rise until it meets the threshold of acceptability at

perhaps about 60 days.

In other words, the change in slope in the upper threshold, occurring at
about 7 to 10 days, suggests that factors other than confinement are begin-
ning to affect the occurrence of impairment. The progressive increase in
slope of the lower threshold, until it meets the upper, suggests that the lower
curve is indicating the threshold of adverse effects of volume per se,and that

at the point where they meet the volume is no longer the major limiting factor,
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and that other considerations related to duration are beginning to bear
more strongly. It is interesting to observe that extrapolation of the curves
suggests junction at or about a duration of 60 days, the same duration at
which the Russians describe a resurgence of stress effects.

The two threshold curves outline an area in which exposure give rise
to a detectable degree of impairment. It is in this area that much of the
experimental and operational confinement has taken place. The 15-day
Apollo lunar mission (marked on the figure with the letter "A') is seen
to lie within that area, and in consequence some degree of impairment
can be expected. Mention has already been made of the 14 day Gemini
mission which lies outside the area.

In the light of the success to date of the Gemini missions, one might
question the validity of these predictions. There is no doubt that experi-
mental and operational studies have shown that problems arise when avail-
able volume is reduced below the limits defined above. At the same time,
the Gemini series has shown so far (GT-VII) that impairment is acceptable
despite severe confinement. It is probable, however, that some of the
modifying factors previously discusse:l contributed greatly towards the
success of the Gemini series. Notable among these would seem to be
motivation of the crews, the overlapping use of space, and perhaps certain
aspects of weightlessness itself.

It is obvious that motivation of the crews has been very high indeed,
whereas in some of the experimental work, at least, the motivation has been
doubtful. Overlapping use of space, as has been noted, may permit a greater
effective free volume with a double or multi-man crew than the actual free
volume would indicate. The question of the combined effects of weightless-
ness and confinement is a difficult one. There is some doubt as to how much
of the expected cardiovascular deconditioning of space flight will be attribu-
%3 1964a).

As has been noted, the possible synergistic effect of weightlessness and

table to weightlessness and how much to confinement {Lamb et al.
confinement might be expected to lead to even more impairment than the

action of either alone. At the same time, weightlessness has some favorable

attributes. Under weightlessness, mobility will be improved, while some of the
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discomforts of restrictive immobility, which are aggravated by the gravita-
tional pull, will be considerably relieved. It seems intuitively reasonable,
that, despite the predictions based on Figure 8, there might be a duration

of combined confinement and weightlessness during which the weightlessness
has an ameliorating effect, but if the duration is still further prolonged a
greater impairment may occur.

Bearing these considerations in mind, and emphasizing again that
acceptability of conditions depends not only on available space, but on
favorable habitability and working conditions and may be modified by
other factors, the requirements shown in Figure 8 can be outlined as

indicated in the following table.

TABLE 8

Threshold volume requirements according
to duration of mission

Duration Threshold of acceptable Threshold of unacceptable

(days) volume - Cubic Feet volume - Cubic Feet
1 50 25
2 75 25
3 90 25
4 105 30
5 115 35
6 120 35
7 125 40
10 135 50
20 140 70
30 150 85
>60 ?150 ?150

Source: Fraser, 1965.
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It is emphasized that these numbers are not rigid since the thresholds
to which they refer are not rigid lines of demarcation but regions where
one zone merges into another. FEach of the numbers refers to the approxi-
mate mid-point of such zones but has been rounded to the nearest 5 cubic

feet.

From these figures it may be seen that for confinement under circum-
stances of good habitability and working conditions for durations of 7 to 30
days for small group crews, about 125 to 150 cubic feet per man of free
space would provide acceptable conditions. Severe impairment under the
same conditions might be expected with a free volume of less than 40 cubic

feet per man for 7 days or less than 85 cubic feet per man for 30 days.

Two other studies are available in which attempts have been made to
predict volume requirements. In one of these, Celentano and his colleagues
(Celentano et al. 13 1963) utilized the hypothesis that an optimum cabin size
would be one which provided sufficient space for normal semi-sedentary
activities as measured by the metabolic rate of the subjects. Accepting
the metabolic rate of the semi-sedentary office worker as 2800 Kcal per
day they investigated the metabolic rates of subjects in each of three cabins.
In the first cabin, allowing 67 cubic feet for each of the three men, the
metabolic rates were found to be almost those of bed-rest (2300 Kcal per
day). In the second cabin, allowing about 375 cubic feet, the energy
expenditure was close to the lower limits characteristic of the sedentary
worker (2550 Kcal per day). The third cabin, with 800 cubic feet for each
of two men, permitted metabolic rates equivalent to those of the average

semi-sedentary office worker.

On this basis, a cabin volume of 800 cubic feet per man would be optimum,
and 375 cubic feet per man would be acceptable. It is considered, however,
that these values are not realistic. The hypotheses is valid only in part.
Certainly activity is correlated with metabolic rate, but it is very doubtful
if activity potential is the criterion by which the optimum size of a cabin

should be judged. Adequate levels of performance and physiological function
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can be maintained with relatively low activity levels, and for that matter
relatively high activity levels can be maintained within relatively small
volumes. Even assuming activity potential is a criterion, there does not
seem to be any good reason to consider that the activity level of the office
worker should be equivalent to that of a space cabin occupant. Consequently

these recommendations are considered to be unjustified.

Jones and Prince 60 (1964) also undertook a study in which they considered
the effects of confinement along with numerous other aspects of habitability.
They evaluated performance and physiological function in terms of crew
volume, and mission duration, assigning the ratings of satisfactory, mildly
degraded, and degraded, as indicated, to each of the measures. Figure 9,
from their work, illustrates some of their findings. It will be noted that for
operational vehicles, as the mission duration increases from three hours to
83 days, the permissible volume per man increased from 25 cubic feet
to 1800 cubic feet. At the same time, beyond 5 days and 90 cubic feet both
the performance and physiological ratings show degradation regardless of
increase in volume. For simulated missions, any volume above 100 cubic

feet per man resulted in satisfactory performance and function.

The general conclusions of Jones and Prince were that:

(a) Volumes per man below about 40 cubic feet can produce severe
degradation in physiological functioning and performance.

(b) Volumes per man between 45 and 90 cubic feet in simulated
vehicles are on the borderline of missions up to 5 days and may cause
substantial difficulty for missions of longer duration.

(c) Volumes per man between 100 and 200 cubic feet appear to be
satisfactory for missions up to 30 days, although there is no operational
test of this proposition.

(d) Factors other than volume, probably associated with isolation,

will be the prime determinants of habitability for missions beyond 30 days.

With the exception of the duration noted in the last statement, and the

volume noted in the first, these conclusions are in general agreement with

those of this study.
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Performance And Physiological Ratings on Experimental
Chamber, Simulated Vehicle, And Operational Vehicle Studies
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The studies discussed above are analytic in nature, in the sense that
the authors have analyzed available experience and from the information
so obtained have attempted to define thresholds. Another approach has
been made by Davenport et al. 20 (1963) in which the authors define the
minimum free volume required for different individual crew activities
and show that the total activities for various mission durations and crew
sizes demand a certain total minimum free volume. A significant feature
of their approach is the realization that while the volume required for some

activities would vary very little with duration, other activities would likely

be volume sensitive to mission duration.

The initial step of the authors was a definition of crew activities as
indicated in Table 9. Using anthropometric data for a 90th per-
centile astronaut, minimum functional volumes were then calculated for
the seated work station, the standing work station (E._g_._, for maintenance),
exercise area, sleep area, toilet, galley area, rest area, and other function-
al areas. Estimates were also made regarding the number of such areas

required per number of crew.

These volumes were then examined in the light of their variation with
mission duration and with crew size, and the volumes adjusted accordingly,
bearing in mind such consideraticns as time-sharing, and the requirement
for increasing crew size with longer missions. It might well be argued, and
with justification, that while the initial volumes based on anthropometric
data are no doubt valid, the adjusted volumes are somewhat arbitrary, and
of course are not directly based on experimental data. In particular, it is
debatable if more free volume per man is required for a large crew as
compared to a small crew, in view of the greater potential for time-sharing

and multiple use of facilities and equipment.

The results of their calculations for missions of one day to 400 days with
crew sizes of one, three, five, and ten men are illustrated in Table 10 and
Figure 10. It will be noted from the data that the available volume per man

for a 30 to 60 day mission is in accord with that recommended by this study.
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Table 9. Basic crew activities in manned space missions.

Command and Control Operations

(attitude control, orbit, maintenance, launch and
recovery, rendezvous, communications, navigation, logistics,
data recording, artificial '""g'" control, etc..)

Systems Control/Station Keeping

(environmental control, energy management, sybsystem
monitoring, waste control, etc..)

Research or Special Mission Operations

(planning, equipment operation, laboratory procedures,
data recording and handling, onboard analysis, etc..)

Maintenance

(inspection, servicing, fault detection and isolation,
removal and replacement, repair, adjustment, preventive
measures, periodic checkout, etc..)

Crew Personal Operations

(food preparation and consumption, defecation and
urination, bathing, grooming, clothing, change, exercise,
recreation, biomonitoring, medical care, rest, etc.. )

Crew Skill Maintenance

(emergency procedures drill, complex task practice,
specialty training, etc..)

! Crew Locomotion ;

[ (ingress and egress from functional areas. )

Sleep and Privacy

S 7 (ref. 20) -

ource: Davenport et al.
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Table 10.

in space vehicles.

Approximate minimum volume requirements (ft7) related to basic crew activities

BASIC ACTIVITIES

DESIGN MISSION DURATION (DAYS)

1 3 5 10 15 20 30 45 60 75 100 125 150 200 250

1-Man Crew
Command & control
Operatims 25 25 25 25 25 25

and
Systems Control/
Station Keeping 25 25 25 25 25 25
Maintenance 5 15 15 20
Crew Personal
Operations 10 10 10 15 20

Total 50 60 70 75 80 90
3-Man Crew
Command & Control
Operations 50 50 50 50 50 50 50
Systems Control/
Station Keeping 50 50 50 50 50 50 50
Maintenance 5 10 15 20 30 35 40
Research/Special
Mission Operations 35 45 45 50 60 60 65
Crew Personal
Operations 50 55 50 55 70 75 175
Locomotion &
Access 30 30 40 40 50 50 60
Sleep/Privacy 25 25 25 25 25 25
Average per man 75 87 95 100 112 115 122
Source: Davenport et al. (ref. 20)
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Table 10. (Continued)

BASIC ACTIVITIES

10 15 20 30 45 60 75 100 125 150 200 250 300 350 400
5-Man Crew
Command & Control
Operations 100 100 100 100 100 100 100 100 100 100 100 100 100
Systems Control/
Station Keeping 50 50 50 50 50 50 50 50 50 50 50 50 50
Maintenance 10 20 30 40 50 50 60 60 70 70 80 90 100
Research/Special
Mission Operations 90 100 110 120 130 140 150 155 160 160 170 175 180
Crew Personal
Operations 150 150 160 170 175 180 185 190 195 200 220 240 260
Crew Skill Maint. 10 10 15 20 20 20 20 30 30 30 35
Locomotion/Access 50 50 60 60 70 70 70 80 80 90 90 100 110
Sleep/Privacy 50 50 50 60 60 70 70 80 80 90 90 100 100
Average per man 100 104 114 122 130 136 141 147 152 159 166 177 187
10-Man Crew
Command & Control
Operations 100 100 100 100 100 100 100 100 100 100 100 100 100
Systems Control/
Station Keeping 100 100 100 100 100 100 100 100 100 100 100 100 100
Maintenance 100 125 150 160 175 190 210 220 230 250 275 290 300
Research/Special
Mission Operations 175 180 185 190 195 200 210 215 220 225 230 235 240
Crew Personal Oper. 425 475 525 550 570 585 600 620 640 650 670 690 700
Crew Skill Maint. 20 20 30 40 45 50 55 60 60 60 70 70 80
Locomotion/Access 150 150 160 160 165 165 175 175 180 180 190 200 220
Sleep/Privacy 300 300 325 400 425 450 500 525 550 575 600 625 650
Average per man 137 145 158 170 180 184 195 202 208 214 224 231 239




One major consideration bears further examination. This study of
Davenport et al. 20 is based on the concept of functional free volume,
namely, that volume on the basis of anthropometric data which is
required to perform a given task or set of tasks. As has been shown,
however, in earlier discussion, confinement within a limited volume
for a given length of time produces psychological and physiological
disturbance in man even if that volume is apparently adequate for all, or
most, purposes. Thus the extrapolations of these tables can be considered
valid as design criteria only when they do not conflict with constraints im-
posed by psychophysiological limitations. In consequence, it is doubtful
if the recommendations proposed by Davenport et al. 20 for missions beyond
about 60 days can be accepted as valid criteria without experimental confirm -
ation. They do, however, provide useful guidelines in determining the
minimum volume required for satisfactory completion of given tasks in a

space vehicle.
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DISCUSSION AND CONCLUSIONS

From consideration of the foregoing it is clear that confinement,
when defined as a physical and temporal limitation on the activities
and translational motions of an individual or a group, is a stress-
inducing entity which can be discriminated from, although it is some-
times accompanied by, perceptual and social isolation.

At the same time, a body of knowledge on the effect of confinement
per se is generally lacking, and information about the human response
in most circumstances can only be obtained by extracting it from the
results of studies carried out for other purposes or contaminated by other
gross variables in the environment. On the whole, the most pertinent
information is garnered from studies of simulated space missions. Even
these, however, can be suspect, since they frequently include exposure to
artificial atmospheres and manipulation of work-rest schedules. For the
acquisition of basic data there is a need for further studies of confinement
per se, where perceptual isolation is minimized; while for design
purposes, with respect to available hardware, layout and procedures,
there is a need for further simulated missions embodying in the simulator

a close approximation to actual mission conditions.

Psychological Response

While perceptual aberrations are not associated with confinement
per se, the single isolate in close confinement is frequently also in a
state of varying perceptual isolation, and responds with the occurrence
of various types of perceptual aberrations. With motivation and experience,
however, these can be accepted and do not necessarily lead to decrements
in performance. With two subjects, the incidence of perceptual aberration
is markedly reduced, and with more than two its occurrence has not been
recorded. There is a need for further analysis of the elements within the
individual and the environment that contribute towards the occurrence of
perceptual aberration, and for reduction of the latter by selection of the

individual, and manipulation of the environment.
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Emotional reactions, expressed as hostility and resentment, are not
uncommon in confinees. In the case of the solitary isolate these tend to
be directed against the impersonal environment or against outside investi-
gators, if there are such. With a multiple crew, the resentment is more
commonly directed against colleagues, although if motivation and discipline
are high these reactions will frequently be latent rather than overt. Inter-
personal relationships among a carefully selected well motivated crew do
not seem to give rise to problems, at least up to 30 days confinement.
Research, however, is needed in the development of techniques for the predic-
tion of group relations and group response, and for the selection of indivi-
duals with different personality traits who will unite to form a cohesive,
productive group. The current astronaut selection program, which is
oriented towards selecting self-reliant leaders, would not appear to provide

for this group interaction.

Where the restrictive element of confinement is severe, discomfort
is marked. This problem should be alleviated to some extent by weight-

lessness.

Intellectual or complex psychomotor performance, even under conditions
approaching the intolerable, is relatively little affected by confinement per
se although it is reduced under conditions of perceptual isolation. Where
confinement is severe enough to produce physiological incapacitation, and
is aggravated by other harassing environmental conditions, a significant
decrement can be measured, as in the Hicks APC studies, but otherwise
the minor decrements observed are probably due to fatigue arising from
demanding work schedules, or from boredom associated with performance
of repetitive and apparently useless tasks. For prolonged missions it will
be necessary to ensure that available time is fully occupied with subsidiary
scientific and biomedical tasks. The occurrence of procedural error in

simulated operational tasks points up the necessity for continued training

during an actual mission.

The significance of disturbances in time estimation has probably been

exaggerated in the literature. It is true that where consensual validation
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is poor, as in conditions of perceptual isolation, time estimation may be
grossly disturbed. However, where subjects are engaged in time-dependent
tasks, as will be the case in space missions, and where consensual valida-
tion is as complete as the circumstances allow, then time-estimation is

not apparently affected. It would be useful, however, to confirm this hypo-

thesis by actual controlled experiment.

Measures of such qualities as simple and choice reaction time, vigilance
skill, monitoring and tracking ability, have been somewhat haphazardly
approached in some cases, with little in the way of a clear-cut attempt to
isolate the parameter being measured. In general, no change was observed
attributable to confinement and probably none should be expected. The
effect of the confinement on these measures is probably of less significance
than the nature of the other environmental conditions under which the testing
is undertaken. For the record, however, it would be valuable to obtain

data on these respmses under a rigid protocol.

Many questions remain unanswered. It is clear that in a motivated
subject a high level of performance can be maintained up until the point
of intolerability. But it is not clear, what constitutes intolerability, what
arouses the resentment and hostility, and what contributes towards the
fear or even panic that arises in some subjects, even in the absence of
hallucinations or perceptual distortions. In seeking the answers, however,
the importance is again emphasized of distinguishing between confinement
and perceptual isolation. The latter is not a major feature of operational
space missions, even single man missions, and consequently the perceptual
distortions associated with it are not a problem. In addition, the day of the
single-man mission is passing. A major psychological problem of the future,
and in fact even of the present, lies in developing predictive measures of
group response, group interaction, and of devising techniques by which an
individual can be evaluated with respect to his ability to participate produc-

tively in a group.

The pattern of change with time requires further study. The Russian

work on prolonged confinement remains unconfirmed here. A trend towards
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As has been noted there are indications that beyond 7 to 10 days the
response is more affected by duration than restriction, but whether

this situation is maintained beyond 60 days is not known.

The physiological effects specifically attributable to reduced mobility
are manifested most dramatically in the phenomenon of cardiovascular
deconditioning, which becomes evident following a few days of close restric-
tion. While the effects of deconditioning are probably of little moment with-
in the orbiting or interplanetary vehicle, they assume considerable signifi-
cance during re-entry and extravehicular activity. With the additional
tendency towards deconditioning occasioned by weightlessness it is obvious
that a significant hazard will exist. Much work remains to elucidate the
mechanisms responsible for the deconditioning process and to devise suit-
able and practicable methods to prevent it. The specific usefulness of drugs,
isotonic and isometric exercise, pulsatile and non-pulsatile positive or
negative pressure, centrifugation, active and passive trampoline "'slosh,"

and fluid loading, have still not been definitively evaluated.

Along with the deconditioning there is some indication of loss of muscle
mass, and strength, and breakdown of protein, as suggested by disturbed

nitrogen balance.

The results of investigations of fluid and blood volume, and body weight,
are not well defined since they reflect dietary availability and habits, work
requirements and mobility, as well as confinement. There would appear
to be a trend, however, particularly where confinement is severe, towards
a reduction in total body water, total blood volume and plasma volume, along
with a decrease in body weight. How much of the fluid loss is associated with
posture within the confined chamber, how much is associated with ambient
conditions of heat, humidity, and altitude, and how much reflects altered
fluid distribution within the body has not been determined; while how much
of the weight reduction represents fluid loss, how much muscle atrophy, and
how much dietary is not clear. Definitive studies are needed, the more so
since most of the current information has been gathered retrospectively from
work undertaken for other purposes. Since these findings are also observed

in subjects exposed to simulated weightlessness, and to some extent during
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progressive disinterest with time could have a profound influence on the
success of a long duration mission, and if, as would appear likely, it in

fact occurs, methods must be developed to counteract it.

Physiological Response |

The pattern to be described is not fully confirmed, and requires
considerable validation before it can be stated categorically. However,
it appears that the physiological response is one of non-specific reaction
to stress, combined with specific changes attributable to the reduced
mobility. The non-specific changes are manifested by a typical pattern
of excretion of catecholamines and corticosteroids, by alteration in galvanic
skin resistance or conductance, by variations in pulse rate, respiratory
rate and blood pressure associated with the emotional status of the indivi-
dual, and by changes in the EEG. With progression of the confinement,
the initial heightened activity begins to show the effects of an adaptive
process during the second week and appears to be maintained for about
two months before a resurgence of stress phenomena occurs. Since the
resistive stage in stress theory is commonly associated with reduced
resistance to new forms of stress, it is possible that during this time a
crew member might succumb more readily to some fresh assault such as
toxic contamination of his environment, infection, or some other potentially
hazardous change in his environment. This deserves investigation.

Following the resurgence of stress reactions there develops a progressive
emotional indifference and physiological deactivation which continues for some
time after confinement has ceased.

It is emphasized that the pattern described above is largely unconfirmed
except for the early stages. Most of the work in this country under condi-
tions of close confinement has involved studies of 7 to 14 days. The few
studies of 30 days or more have been carried out in conditions of moderate
confinement with free mobility, and apart from submarine studies there
has been practically no work involving confinement of longer than 30 days
duration. There is a great need for studies of up to six months or more
in length, both to confirm the suggested pattern and to determine how much

the response is a function of duration and how much a function of restriction.
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orbital flight, the respective contributions of weightlessness and confine-

ment to their occurrence must be distinguished.

Another finding of similar import is also significant, namely, the
excessive excretion of calcium. Although observed only in one subject,
the fact of its occurrence deserves attention, since the phenomenon is
also found under weightless conditions. It is perhaps noteworthy,
however, that it was observed under conditions of fairly severe confine-
ment in a subject of sedentary habits participating in somewhat unwonted
exercise. Where confinement was much less severe, with free mobility,

no excessive calcium excretion was observed.

Pulmonary function studies deserve more attention. Those that have
been carried out generally reflect the effect of very artificial atmospheres
and pressures other than sea-level. Changes in function due to prolonged

confinement per se seem probable but have yet to be demonstrated.
Other physiological and biochemical findings are unremarkable.

Tolerance of Confinement and Volume Requirements

Tolerance of confinement can be expressed as a function of duration
and available volume. It is influenced, however, by other factors including
the number of persons simultaneously confined, the motivation and experience
of the subjects or crew, the quality of leadership and group compatibility,
physical fitness of the crew and the use of exercise regimes, suitability
and habitability of the immediate environment, suitability of work and rest
scheduling, meaningfulness of the activities and tasks in which the subjects
or crew are engaged,existence of recreational activities, and informed know -

ledge of the status and duration of the mission.

All of these factors require further investigation, and comments have
already been made on some. Particular attention, however, is directed
to the use of exercise programs. From the limited data, it would seem that
established and continued exercise programs might well have a beneficial
effect not only on the physical condition of a subject but on his psychological
state and performance capacities as well. The meaningfulness of tasks is

another field worthy of attention. The push-button automatism by which
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designers attempt to reduce the load on the orbiting astronaut may be of
mixed value in prolonged missions. Considerable care must be exerted
during the integration of the astronaut into the machine-system to ensure
that he does not become merely a robotic portion of a servo-loop with
other capacities which are utilized only in emergencies. There is already
a body of literature indicating the extent of man's capacities, but little if
anything has been done to indicate how much these capacities must be used,
how meaningful must be the tasks, and how much feedback they should
provide to promote optimum performance, singly and in groups.

With respect to actual tolerance levels, it was shown in the body of the
text that up to about 7 to 10 days the acceptable volume of free space in-
creases from about 25 to 125 cubic feet per man. From 7 to 30 days there
is a slight increase in acceptable volume to 150 cubic feet, but thereafter
considerations other than volume appear to be limiting. Beyond 30 days,
hard numbers cannot be given, but it seems reasonable to assume that about
150 cubic feet per man might be acceptable up to 60 days. Extrapolation
thereafter is futile at this time, and there is much need for confinement
experimentation beyond 30 days. In spacecraft, the possible ameliorating
influence of weightlessness must be borne in mind.

Below these limits there is a circumscribed region where lesser free
volumes are acceptable with a calculated risk of moderate impairment. Less
than 25 cubic feet is totally unacceptable beyond a couple of days, and even
then would probably give rise to significant impairment. Thereafter, the
threshold of unacceptability rises to meet the threshold of acceptability at
a duration of about 60 days and a volume of about 150 cubic feet per man.

The threshold of unacceptability, then, represents a minimum volume
at which current or future performance level is barely adequate, and/or
physiological changes are just acceptable. The zone of detectable impair -
ment reflects the influence of the limited duration, volume, and also
factors other than volume. Where the two threshold approach one another,
the effects of limited volume per se no longer increase with duration, at

least to about 60 days, and factors other than volume become constrictive.
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Thus, above the threshold of acceptability, volume is not a major
constraint regardless of duration. Below the threshold of unacceptability
volume is the major constraint regardless of duration. Between the
threshold the effects of volume may be modified by other factors; and
between about 15 and 60 days the minimum required volume remains
constant and adverse effects are related to the influence of other factors.

It is obvious that one of the great needs is for data on confinement
within free volumes of about 150 cubic feet per man under simulated
mission conditions for durations greater than 30 days. It seems probable
that 60 to 120 days is a somewhat critical region from the point of view
of both psychophysiology and spacecraft design. Beyond that duration of
mission it would appear that the design of spacecraft and availability of
boosters will be such that from the engineering viewpoint volume will not
be 1 major limiting constraint.

Confinement, then, 1is a stress-inducing state, the extent of the
resulting stress depending on the severity and duration of confinement,
habitability of the confined space, work, rest, recreation and exercise
schedules, and personal factors within the subject. Within a spacecraft,
some of the effects of confinement will be mitigated and some aggravated
by weightlessness. With careful individual and group selection, however,
a crew can maintain acceptable performance and physiological homeostasis
for predictable durations up to at least 60 days within a confined space
provided the free volume is above a definable threshold,and habitability,

work, rest, recreation, and exercise schedules are optimum.
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ANNOTATED BIBLIOGRAPHY

1. Adams, O. S., Aircrew fatigue problems during extended
endurance flight. Phase I. Planning. WADC-TR-
57-510, 1958.

This paper outlines a plan for an experimental program
designed to determine the effects of confinement induced
stresses on a five man crew isolated in a flight station
for a peri od of 120 hours. Experimental crew compart-
ment is described and illustrated, and the performance
tasks, programming and recording instrumentation, to-
gether with the laboratory techniques planned for use in
the experiment, are explained.

The crew compartment has floor dimensions 280 inches
long by 76 inches wide, or a total floor area of approxi-
mately 115 sq. ft. Sidewalls rise vertically from the
floor to 40 inches at front of the compartment and 60
inches at rear. Ceiling forms a concave surface with
a 51 inch radius of curvature. Total compartment vol-
ume is approximately 550 cubic feet. Compartment is
divided into nine functional classes, namely, work area,
leisure area, food preparation and storage area, toilet
area, lighting, airconditioning and ventilation, facilities
for direct observation acoustical insulation, and com-
munication facilities. Work space has a floor area of
59.5 sq. ft. Leisure area (approximately 44 square
feet of floor space) is designed to include minimum
facilities necessary for satisfying personal needs dur-
ing 120 hour confinement. It includes two bunks,
76 x 24 inches, for resting and sleeping. Lower bunk
is located 16 inches above the floor and the upper bunk
46.5 inches above the floor. Eating unit is a rectangular
area 21 inches by 54 inches. Food bar, for food prepara-
tion and storage is 32 inches wide. Dimensions of
toilet are 22 x 40 inches.

This facility (L.ockheed, Georgia) has been used for several
confinem ent studies described elsewhere.

2. Adams, O. S., Chiles, W. D., Human performance as a
function of the work-rest cycle. WADD-TR-60-
248, 1960.

As title implies this study is primarily concerned with
work-rest schedules, but has elements of confinement

in that 16 subjects were confined within an area of
approximately 3600 square feet. Area included sleeping
quarters, work quarters and a leisure area. 16 subjects
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3.

were divided into two groups of 8, each of which was sub-
divided into groups of four. Work-rest schedules of 2
and 2, 4 and 4, 6 and 6, 8 and 8, were investigated.
Performance included arithmetic computation, pattern
discrimination, warning light monitoring, probability
monitoring, auditory vigilance, and observational and
attitudinal measures. Confinement was not complete

in that subjects were allowed to leave the area for meals.
There are virtually no comments on the confinement
aspects of the study but the degree of stress imposed
upon the subjects was comparatively mild. The duration
of confinement was 96 hours, and in a questionnaire 10

of the 16 subjects indicated they believed they could have
continued to perform satisfactorily for more than 4 days.
There were indications that 2 and 4 hour cycles resulted
in more favorable subject adjustment than did the 6 and

8 hour cycles.

Adams, O. S., Chiles, W. D , Human performance as a function
of the work-rest ratio during prolonged confinement.
WADD-ASD-TR-61-720, 1961.

Subject sample consisted of two B-52 combat crews, the
first (non-volunteer) composed of five men, and the
second (volunteer) composed of six men. Subjects
were tested in advanced system crew compartment
mock-up divided into three sections, a five station
work area, a leisure area, and a sleeping area.

Total volume approximately 1100 cubic feet. Height
not given but appears to be about 8 feet. On duty,
subjects occupied assigned position in work area.

Off duty, they were restricted to leisure area or to
adjacent six bunk sleeping area. Both areas were
adequately illuminated. Sleeping area was main-
tained in semi-darkened condition. Speakers provided
continuous quiet noise of approximately 85 db to mask
outside sounds. Crews were tested separately on
around-the-clock schedule of four hours duty and two
hours rest for period of 15 days. A battery of five
performance tasks designed to test psychological
functions such as mental computation, pattern dis-
crimination,monitoring and vigilance was used
throughout the tests. Four physiological measures,
skin resistance, skin temperature, heart rate, and
respiration rate, were used. Meals were furnished
and placed in the food compartment in the leisure

area at specified times. Two members of the crew
ate at one time. Toilet facilities were available
during leisure and during a thirty minute low perform-
ance period of task program. Intercom conversation
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4,

Alluisi,

was kept to a minimum, e.g., apparent malfunction

in equipment or emergency. Results showed a signi-
ficant between-day effect for four of tasks. Arithmetic
computation, monitoring, and auditory vigilance
reflected a trend toward decrement, while pattern
discrimination was associat ed with improvement.

A significant within-day effect (diurnal variation) was
observed in all performance tasks. A significant
between-day effect was obtained for three physiological
variables, (skin resistance, heart rate, and respiration
rate). Daily trend was decrease in the level of auto-
nomic activation (i. e., an increase in skin resistance,
and decrease in heart rate and respiration rate ). All
four measures showed a prominent within-day effect.
Although wide between group and between subjects
variations occurred in both performance and physiological
measures, it was concluded that with a minimum amount
of selection, highly motivated crews can maintain accept-
able performance levels on a four on and two off schedule
for a period of two weeks and perhaps longer. Two
subjects maintained a high performance level throughout
duration of study. Seven of eleven subjects showed
significant improvement with time in performance of
learning task (pattern discrimination). The majority

of subjects indicated they could have continued the test
for at least another 15 days if necessary and important.

E. A., Chiles, W. D., Hall, T. J., Combined effects
of sleep loss and demanding work-rest schedules on
crew performance. WADD-AMRL-TDR-64-63, 1964.

This study is a continuation of other confinement studies
performed by the same group. It begins with a summary
of the previous studies which indicated that with a relative
minimum of selection, highly motivated subjects can main-
tain a schedule of 4 hours on and 2 hours off for at least
2 weeks duration and perhaps for a month, although per-
formance is universally better with a 4 hour on and 4 hour
off schedule. The current studies (HOPE-IV to HOPE -
VI) were conducted to examine the combined effects of
sleep loss and work-rest scheduling (4-2 or 4-4) on perfor-
mance tasks. Two of the tests employed 10 subjects
working a 4-4 schedule for 12 days. During days 6 and 7,
the subjects worked continuously for 44 hours alternating
4 hour duty at work stations with 4 hour periods of extra
duty in leisure area. In the other two tests, 6 subjects
were employed, working a 4-2 schedule for 12 days.



4. (Cont) During the 6th and 7th days, subjects worked continuously
for 40 hours, alternating normal work station duty with

extra duty in leisure area. Results showed that sleep
loss will result in performance decrements. Perform-
ance of operators on 4-2 schedule is depressed to a
greater degree than those on the 4-4 schedule. Impact
of sleep loss on specific tasks depends on position of
tasks in the activity-passivity continuum and amount of
and nature of time sharing. Performance returns to
approximately the normal expected level after subjects
on 4-4 schedule have 2 sleep periods and those on 4-2
schedule have had 3 sleep schedules. Subjective reactions
of individuals as to how they have been performing are
related only in a gross manner to objective measures.

5. Alluisi, E. A., Chiles, W. D., Hall, T. J., Hawkes, T. R.,
Human group performance during confinement.
WADD-AMRL-TDR-63-87, 1963

This study describes two experimental investigations. The
first, "HOPE-II," concerns a six man crew working for

15 days on a 4-2 schedule, while in the second, "HOPE-III, "
two 5-men crews were tested over a 30 day confinement
period, on a 4-4 schedule in alternate shifts throughout

the 30 days. To avoid the typical end effects, appearing

as a spurt in performance during the last 2 or 3 days,
subjects in the latter study were lead to expect a 40 day
confinement. Subjects for HOPE-II were 6 Air Force
Academy Cadets, all volunteers. Criteria used in
selection were those for Project Mercury astronauts.
Subjects of HOPE -1Il were broken into two 5-men crews.
Subjects were tested in an advanced system crew compart-
ment mock-up consisting of three sections, a five station
work area, a leisure area, and a sleeping area, to a total
volume of approximately 1100 cubic feet, half of which is
devoted to work station and leisure area, and half to
sleeping. On duty, each subject occupied assigned
positions in the work area. Off duty, subjects were
restricted to leisure area and sleeping area. Work and
leisure areas were adequately illuminated; sleeping area
was maintained in semi-darkness. Broad-band noise was
continuously present at constant level of about 85 db.
Subjects were given performance tasks, four of which were
individual tasks, and two tasks requiring group participation.
Pulse rate and axillary temperature were measured regularly
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6. Bexton,

by the subjects. Subjects kept daily logs. All
activities were rigidly timed and regular shift
changes were accomplished. Adequate regular
meals were provided and toilet facilities were
available. The operation was in the form of a

closed system with the use of an external inter -

com for operational purposes only. Problems

of sleep and alertness related to the scheduling

were observed. All subjects made note of minor
physical discomforts associated with the confine-
ment period. Morale started high but tended to

drop during the first few days and then remained
relatively constant except for noticeable rises at
several specific points, e.g., at mid-points of
confinement periods, or minor celebrations.
Subjective irritability, sleepiness, and fatigue

were observed. None of these adversely effected

task performance. No hallucinations or illusions
were observed. Results of performance measures
were not clear cut. Variations appeared to be
related to motivation, diurnal cycling, and duration
of the task. The greatest differences were probably
a direct reflection of the relative impacts of the two
work-rest schedules. At least some highly motivated
subjects can follow a 4-2 schedule without showing
decrements. The extra hour of performance per day,
however, is achieved at a price, namely, the inability
of the subjects to sustain performance at the level
generally maintained by a comparable group working
only 12 hours per day on a 4-4 schedule.

W. H., Heron, W., Scott, T. H., Effects of decreased
variation in the sensory environment. Canad.J. Psychol,
8:70, 1954.

Twenty-two male college subjects were paid to lie on a
comfiortable bed in a lighted cubicle 24 hours a day except
for hygienic purposes. Subjects tended to spend the
earlier part of the experiment in sleep. Later they slept
less, became bored, and appeared eager for stimulation.
Unusual emotional lability developed during the test.
Subjects were unable to concentrate for long. Perform-
ance on psychological tests was impaired. Complex
visual hallucinations occurred with a vividness that
interfered with sleep. Some auditory, kinesthetic, and
somesthetic disturbances were reported, along with
feelings of ""otherness' and bodily '"strangeness''.



Birkhead, N. D., Issekutz, B., Bligzard, J.J.,
Cardiodynamic and metabolic effects of prolonged
bed rest. AMRL-TDR-63-37, 1963. (Author's Summary)

To evaluate the circulatory and metabolic effects of
prolonged inactivity, urinary nitrogen, calcium,

and phosphorus excretion were measured in four healthy
trained men on a constant diet (2500 Cal., 77 gm protein,
74 gm fat, 385 gm CHO, 1724 mg calcium) during 42
days of continuous supine bed rest. Ma%(imum oxygen
uptake and hemodynamic response to 70" head-up tilt
and supine bicycle exercise at 3 and 6 times resting

O2 uptake levels were determined pre- and post-bed
rest. Urinary excretion of calcium and phosphorus
increased within the first six days. Calcium excretion
reached a peak approximately twice control values after
24 days. No significant change occurred in urinary
nitrogen. Tolerance to 70° head-up tilt and physical
work capacity decreased following bed rest, but a
satisfactory cardiodynamic response to supine exercise
was maintained. Physical work capacity returned to
near pre-bed rest values after 18 days of retraining.

Bruce, J. C., Escape from Alcatraz., McGraw Hill Book
Co., Inc., New York, 1963.

Burns, N., Environmental requirements of sealed cabins for
space and orbital flight., A second study, Part I.
NAMC-ACEL-413, 1959,

This is the first of 6 reports describing the second Naval
confinement study. The confinement area previously
described consisted of two compartments, the first for
eating, recreation, and hygiene, and the second for work
and sleeping. Continuous monitoring was undertaken.
Six Naval enlisted personnel were selected on the basis
of psychological and medical testing from a group of 24
volunteers from an original group of 40. These 6 men
functioned as three 2-man teams. Measures of psycho-
logical behaviors during the 8 day period of confinement
included tests of rigidity, or perseverance, of behavior,
time estimation, suggestibility, analysis of group be-
havior, vigilance, and tracking. Results of the studies
are presented in another paper. (Burns and Gifford, 1961).
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Burns,

Catlin,

N. M., Gifford, E. C., Environmental requirements
of sealed cabins for space and orbital flights. A second
study, Part II. NAMC-ACEL-414, 196l.

This paper reports the results of the performance tasks
described in Part I of these same studies. Because of the
small number of subjects used, the results were not very
general and the authors insist that the findings are only
suggestive. Performance on the tasks in which the
operator function was routine and without apparent
consequence deteriorated rapidly. Tasks where the
operator could achieve some satisfaction and knowledge
of results elicited a high quality of performance over a
long period of time. In each of the time intervals studied,
subjects in the confinement chamber overestimated the
passage of time in comparison with control. Degree of
overestimation increased as length of confinement in-
creased. Authors discuss in detail the effect of consensual
validation on the tasks involving reasoning ability and some
degree of concentrated thought. They note that loss of
information about external events, loss of cues about
diurnal variation and temperature changes, lack of knowl-
edge of activities of others, inadequate information with
regard to performance of various tasks or to perception
of certain stimuli all increase the feeling of detachment
and add to the insecurity. Any way in which confinement
or isolation is interrupted could be interpreted to provide
an opportunity for consensual validation. Many of the
early studies on sensory deprivation did not take this

into account.

R., The physiological effects of abnormal environment.
Presented at Seminar in Aviation Health and Safety,
Harvard School of Public Health, Boston, Mass. 1958.

This is a summary of the neurophysiological mechanisms
underlying the symptoms of sensory deprivation and the
effects of ""brainwashing''. Author points out that main-
tenance of complex cerebral functions is dependent on an
adequate intensity and variety of environmental sensory
impulses which are received by a peripheral sensory
system, and, as exceptions, are passedonto a storing,
comparing, utilizing system. Interference with the function
of any of these three systems will result in a disorder of
the more complex cerebral function. In addition to adequate
environmental perceptions it is also necessary to develop
an identity, by organizing, patterning, and comparing
perceptions, and having an opportunity to compare the
resulting ideations with the concepts of others and to test
them in reality.



12. Celentano, J. T., Adams, B. B., Habitability and maintenance
of human performance in long duration space missions.

AAS-60-83, 1960.

This paper describes the nature of habitable environments
and their significance in the maintenance of effective
human performance. Among the important factors are:
living space, food, water, atmospheric control, illumina--
tion, recreation, and personal services. Although man
may function under adverse conditions, his performance
effectiveness may be impaired and the frequency and
duration of such performance should be held to a minimum
consistentwith system operating requirements. Normal
operating situations should provide the best living conditions
compatible with mission requirements. Factors of fatigue
and morale play an important role in determining final
level of performance. War time studies of operational
fatigue have noted that adverse environmental conditions
increase fatigue and lead to decrement in performance.

Habitability: Habitability includes the characteristics which
determine environment and the facilities provided for sus-
tenance and comfort. In addition to the necessities of life,
factors are: compartment design, traffic control, air
conditioning, lighting, sanitation, and recreational facilities.

Compartment Design: Provision of habitable compartments
for work, sleeping, leisure time activities, and personal
needs should be considered a means to an end. Cramped
living quarters with little privacy can cause fatigue and
poor morale. Inadequate quarters and physical discomforts
have been cited as factors leading to fatigue and break-
down in combat pilots. Inadequate housing is considered
one of the major causes of breakdown in concentration
camps. Navy studies show that adequate space and privacy
are important factors in maintenance of morale. For
sleeping, study, and leisure, Navy recommends 90 square
feet per man, including 40 square feet of unencumbered
area. IGY polar expedition allowed nearly 100 square feet
per man in sleeping area alone. Army Surgeon General
recommends 72 square feet per man in troop barracks.
Adequate area for living space appears to be about 90
square feet per man, depending upon use and length of

stay. Single rooms are most desirable, but double

rooms are acceptable. Barracks type sleeping arrange-
ments are not desirable for long term confinement and

do not provide significant saving in space. All habitable
spaces should be grouped into functionally related units.
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Living units should include sleeping areas, bathrooms,
clothing storage. Food unit should include kitchen, dining,
food storage, dishwashing, and garbage disposal. Service
unit with laundry and other service facilities is desirable.
Separate recreation unit should be planned when possible.

This paper also considered habitability aspects of food,
water, atmospheric control, illumination and color, re-
creation and services.

13. Celentano, J. T., Amorelli, D., Freeman, G. G., Establishing

a habitability index for space stations and planetary bases.
Presented at ATAA and ASMA Manned Space Laboratory
Conference, Los Angeles, 1963.

This paper considers numerous factors relating to habit-
ability and details a method to produce a habitability index
by the use of a relative weighting system. Authors note
that habitability is determined by the provision of those
facilities to which the occupant would reasonably be
accustomed. Requirements will be based on space flight
duration, nature of mission and task to be performed,
numbers of men to be involved, and distances to be
traversed. Needs will change as programs alter and
enlarge. Several types of manned space systems are
expected to be in operation, namely, small single or
two-man cabins for up to several days duration orbital
flight, multi-manned vehicles with approximately two week
duration, space stations,and planetary bases. IL.ong dura-
tion habitations will first be centered about space stations
and lunar bases. As basic factors determining habitability
authors consider environmental control, nutrition and
personal hygiene, gravitational conditions, livingspace
and crew work-rest cycles and fitness programs. They
note that the total cost of a system increases with the
efforts to reduce the stressful effects on its occupants, and
that conversely the more stressful the vehicle the greater
the cost in selection and training of occupants. The longer
the flight, the more essential the provisions for habitation
become. The lowe